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the launch vehicle has a land or water 
impact. These procedures must include 
the following provisions: 

(1) Evacuation and rescue of members 
of the public, to include modeling the 
dispersion and movement of toxic 
plumes, identification of areas at risk, 
and communication with local govern-
ment authorities; 

(2) Extinguishing fires; 
(3) Securing impact areas to ensure 

that personnel and the public are evac-
uated, and ensure that no unauthorized 
personnel or members of the public 
enter, and to preserve evidence; and 

(4) Ensuring public safety from haz-
ardous debris, such as plans for recov-
ery and salvage of launch vehicle de-
bris and safe disposal of hazardous ma-
terials. 

§ 417.417 Propellants and explosives. 
(a) A launch operator must comply 

with the explosive safety criteria in 
part 420 of this chapter. 

(b) A launch operator must ensure 
that: 

(1) The explosive site plan satisfies 
part 420 of this chapter; 

(2) Only those explosive facilities and 
launch points addressed in the explo-
sive site plan are used and only for 
their intended purpose; and 

(3) The total net explosive weight for 
each explosive hazard facility and 
launch point must not exceed the max-
imum net explosive weight limit indi-
cated on the explosive site plan for 
each location. 

(c) A launch operator must establish, 
maintain, and perform procedures that 
ensure public safety for the receipt, 
storage, handling, inspection, test, and 
disposal of explosives. 

(d) A launch operator must establish 
and maintain each procedural system 
control to prevent inadvertent initi-
ation of propellants and explosives. 
These controls must include the fol-
lowing: 

(1) Protect ordnance systems from 
stray energy through methods of bond-
ing, grounding, and shielding, and con-
trolling radio frequency radiation 
sources in a radio frequency radiation 
exclusion area. A launch operator must 
determine the vulnerability of its 
electro-explosive devices and systems 
to radio frequency radiation and estab-

lish radio frequency radiation power 
limits or radio frequency radiation ex-
clusion areas as required by the launch 
site operator or to ensure safety. 

(2) Keep ordnance safety devices, as 
required by § 417.409, in place until the 
launch complex is cleared as part of 
the final launch countdown. No mem-
bers of the public may re-enter the 
complex until each safety device is re- 
established. 

(3) Do not allow heat and spark or 
flame producing devices in an explosive 
or propellant facility without written 
approval and oversight from a launch 
operator’s safety organization. 

(4) Do not allow static producing ma-
terials in close proximity to solid or 
liquid propellants, electro-explosive de-
vices, or systems containing flammable 
liquids. 

(5) Use fire safety measures includ-
ing: 

(i) Elimination or reduction of flam-
mable and combustible materials; 

(ii) Elimination or reduction of igni-
tion sources; 

(iii) Fire and smoke detection sys-
tems; 

(iv) Safe means of egress; and 
(v) Timely fire suppression response. 
(6) Include lightning protection on 

each facility used to store or process 
explosives to prevent inadvertent initi-
ation of propellants and explosives due 
to lightning unless the facility com-
plies with the lightning protection cri-
teria of § 420.71 of this part. 

(e) A launch operator, in the event of 
an emergency, must perform the acci-
dent investigation plan as defined in 
§ 417.111(h). 

APPENDIX A TO PART 417—FLIGHT SAFE-
TY ANALYSIS METHODOLOGIES AND 
PRODUCTS FOR A LAUNCH VEHICLE 
FLOWN WITH A FLIGHT SAFETY SYS-
TEM 

A417.1 SCOPE 

The requirements of this appendix apply to 
the methods for performing the flight safety 
analysis required by § 417.107(f) and subpart C 
of this part. The methodologies contained in 
this appendix provide an acceptable means of 
satisfying the requirements of subpart C and 
provide a standard and a measure of fidelity 
against which the FAA will measure any 
proposed alternative analysis approach. This 
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appendix also identifies the analysis prod-
ucts that a launch operator must file with 
the FAA as required by § 417.203(e). 

A417.3 APPLICABILITY 

The requirements of this appendix apply to 
a launch operator and the launch operator’s 
flight safety analysis unless the launch oper-
ator clearly and convincingly demonstrates 
that an alternative approach provides an 
equivalent level of safety. If a Federal 
launch range performs the launch operator’s 
analysis, § 417.203(d) applies. Section A417.33 
applies to the flight of any unguided sub-
orbital launch vehicle that uses a wind- 
weighting safety system. All other sections 
of this appendix apply to the flight of any 
launch vehicle required to use a flight safety 
system as required by § 417.107(a). For any al-
ternative flight safety system approved by 
the FAA as required by § 417.301(b), the FAA 
will determine the applicability of this ap-
pendix during the licensing process. 

A417.5 GENERAL 

A launch operator’s flight safety analysis 
must satisfy the requirements for public risk 
management and the requirements for the 
compatibility of the input and output of de-
pendent analyses of § 417.205. 

A417.7 TRAJECTORY 

(a) General. A flight safety analysis must 
include a trajectory analysis that satisfies 
the requirements of § 417.207. This section ap-
plies to the computation of each of the tra-
jectories required by § 417.207 and to each tra-
jectory analysis product that a launch oper-
ator must file with the FAA as required by 
§ 417.203(e). 

(b) Wind standards. A trajectory analysis 
must incorporate wind data in accordance 
with the following: 

(1) For each launch, a trajectory analysis 
must produce ’’with-wind’’ launch vehicle 
trajectories pursuant to paragraph (f)(6) of 
this section and do so using composite wind 
profiles for the month that the launch will 
take place or composite wind profiles that 
are as severe or more severe than the winds 
for the month that the launch will take 
place. 

(2) A composite wind profile used for the 
trajectory analysis must have a cumulative 
percentile frequency that represents wind 
conditions that are at least as severe as the 
worst wind conditions under which flight 
would be attempted for purposes of achieving 
the launch operator’s mission. These worst 
wind conditions must account for the launch 
vehicle’s ability to operate normally in the 
presence of wind and accommodate any 
flight safety limit constraints. 

(c) Nominal trajectory. A trajectory analysis 
must produce a nominal trajectory that de-
scribes a launch vehicle’s flight path, posi-

tion and velocity, where all vehicle aero-
dynamic parameters are as expected, all ve-
hicle internal and external systems perform 
exactly as planned, and no external per-
turbing influences other than atmospheric 
drag and gravity affect the launch vehicle. 

(d) Dispersed trajectories. A trajectory anal-
ysis must produce the following dispersed 
trajectories and describe the distribution of 
a launch vehicle’s position and velocity as a 
function of winds and performance error pa-
rameters in the uprange, downrange, left- 
crossrange and right-crossrange directions. 

(1) Three-sigma maximum and minimum per-
formance trajectories. A trajectory analysis 
must produce a three-sigma maximum per-
formance trajectory that provides the max-
imum downrange distance of the instanta-
neous impact point for any given time after 
lift-off. A trajectory analysis must produce a 
three-sigma minimum performance trajec-
tory that provides the minimum downrange 
distance of the instantaneous impact point 
for any given time after lift-off. For any 
time after lift-off, the instantaneous impact 
point dispersion of a normally performing 
launch vehicle must lie between the ex-
tremes achieved at that time after lift-off by 
the three-sigma maximum and three-sigma 
minimum performance trajectories. The 
three-sigma maximum and minimum per-
formance trajectories must account for wind 
and performance error parameter distribu-
tions as follows: 

(i) For each three-sigma maximum and 
minimum performance trajectory, the anal-
ysis must use composite head wind and com-
posite tail wind profiles that represent the 
worst wind conditions under which a launch 
would be attempted as required by paragraph 
(b) of this section. 

(ii) Each three-sigma maximum and min-
imum performance trajectory must account 
for all launch vehicle performance error pa-
rameters identified as required by paragraph 
(f)(1) of this section that have an effect upon 
instantaneous impact point range. 

(2) Three-sigma left and right lateral trajec-
tories. A trajectory analysis must produce a 
three-sigma left lateral trajectory that pro-
vides the maximum left crossrange distance 
of the instantaneous impact point for any 
time after lift-off. A trajectory analysis 
must produce a three-sigma right lateral tra-
jectory that provides the maximum right 
crossrange distance of the instantaneous im-
pact point for any time after lift-off. For any 
time after lift-off, the instantaneous impact 
point dispersion of a normally performing 
launch vehicle must lie between the ex-
tremes achieved at that time after liftoff by 
the three-sigma left lateral and three-sigma 
right lateral performance trajectories. The 
three-sigma lateral performance trajectories 
must account for wind and performance 
error parameter distributions as follows: 
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(i) In producing each left and right lateral 
trajectory, the analysis must use composite 
left and composite right lateral-wind profiles 
that represent the worst wind conditions 
under which a launch would be attempted as 
required by paragraph (b) of this section. 

(ii) The three-sigma left and right lateral 
trajectories must account for all launch ve-
hicle performance error parameters identi-
fied as required by paragraph (f)(1) of this 
section that have an effect on the lateral de-
viation of the instantaneous impact point. 

(3) Fuel-exhaustion trajectory. A trajectory 
analysis must produce a fuel-exhaustion tra-
jectory for the launch of any launch vehicle 
with a final suborbital stage that will termi-
nate thrust nominally without burning to 
fuel exhaustion. The analysis must produce 
the trajectory that would occur if the 
planned thrust termination of the final sub-
orbital stage did not occur. The analysis 
must produce a fuel-exhaustion trajectory 
that extends either the nominal trajectory 
taken through fuel exhaustion of the last 
suborbital stage or the three-sigma max-
imum trajectory taken through fuel exhaus-
tion of the last suborbital stage, whichever 
produces an instantaneous impact point with 
the greatest range for any time after liftoff. 

(e) Straight-up trajectory. A trajectory anal-
ysis must produce a straight-up trajectory 
that begins at the planned time of ignition, 
and that simulates a malfunction that 
causes the launch vehicle to fly in a vertical 
or near vertical direction above the launch 
point. A straight-up trajectory must last no 
less than the sum of the straight-up time de-
termined as required by section A417.15 plus 
the duration of a potential malfunction turn 
determined as required by section 
A417.9(b)(2). 

(f) Analysis process and computations. A tra-
jectory analysis must produce each three- 
sigma trajectory required by this appendix 
using a six-degree-of-freedom trajectory 
model and an analysis method, such as root 
sum-square or Monte Carlo, that accounts 
for all individual launch vehicle performance 
error parameters that contribute to the dis-
persion of the launch vehicle’s instantaneous 
impact point. 

(1) A trajectory analysis must identify all 
launch vehicle performance error parameters 
and each parameter’s distribution to account 
for all launch vehicle performance variations 
and any external forces that can cause off-
sets from the nominal trajectory during nor-
mal flight. A trajectory analysis must ac-
count for, but need not be limited to, the fol-
lowing performance error parameters: 

(i) Thrust; 
(ii) Thrust misalignment; 
(iii) Specific impulse; 
(iv) Weight; 
(v) Variation in firing times of the stages; 
(vi) Fuel flow rates; 

(vii) Contributions from the guidance, 
navigation, and control systems; 

(ix) Steering misalignment; and 
(x) Winds. 
(2) Each three-sigma trajectory must ac-

count for the effects of wind from liftoff 
through the point in flight where the launch 
vehicle attains an altitude where wind no 
longer affects the launch vehicle. 

(g) Trajectory analysis products. The prod-
ucts of a trajectory analysis that a launch 
operator must file with the FAA include the 
following: 

(1) Assumptions and procedures. A descrip-
tion of all assumptions, procedures and mod-
els, including the six-degrees-of-freedom 
model, used in deriving each trajectory. 

(2) Three-sigma launch vehicle performance 
error parameters. A description of each three- 
sigma performance error parameter ac-
counted for by the trajectory analysis and a 
description of each parameter’s distribution 
determined as required by paragraph (f)(1) of 
this section. 

(3) Wind profile. A graph and tabular listing 
of each wind profile used in performing the 
trajectory analysis as required by paragraph 
(b)(1) of this section and the worst case 
winds required by paragraph (b)(2) of this 
section. The graph and tabular wind data 
must provide wind magnitude and direction 
as a function of altitude for the air space re-
gions from the Earth’s surface to 100,000 feet 
in altitude for the area intersected by the 
launch vehicle trajectory. Altitude intervals 
must not exceed 5000 feet. 

(4) Launch azimuth. The azimuthal direc-
tion of the trajectory’s ’’X-axis’’ at liftoff 
measured clockwise in degrees from true 
north. 

(5) Launch point. Identification and loca-
tion of the proposed launch point, including 
its name, geodetic latitude, geodetic lon-
gitude, and geodetic height. 

(6) Reference ellipsoid. The name of the ref-
erence ellipsoid used by the trajectory anal-
ysis to approximate the average curvature of 
the Earth and the following information 
about the model: 

(i) Length of semi-major axis; 
(ii) Length of semi-minor axis; 
(iii) Flattening parameter; 
(iv) Eccentricity; 
(v) Gravitational parameter; 
(vi) Angular velocity of the Earth at the 

equator; and 
(vii) If the reference ellipsoid is not a 

WGS–84 ellipsoidal Earth model, the equa-
tions that convert the filed ellipsoid infor-
mation to the WGS–84 ellipsoid. 

(7) Temporal trajectory items. A launch oper-
ator must provide the following temporal 
trajectory data for time intervals not in ex-
cess of one second and for the discrete time 
points that correspond to each jettison, igni-
tion, burnout, and thrust termination of 
each stage. If any stage burn time lasts less 
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than four seconds, the time intervals must 
not exceed 0.2 seconds. The launch operator 
must provide the temporal trajectory data 
from launch up to a point in flight when ef-
fective thrust of the final stage terminates, 
or to thrust termination of the stage or burn 
that places the vehicle in orbit. For an 
unguided sub-orbital launch vehicle flown 
with a flight safety system, the launch oper-
ator must provide these data for each nomi-
nal quadrant launcher elevation angle and 
payload weight. The launch operator must 
provide these data on paper in text format 
and electronically in ASCII text, space de-
limited format. The launch operator must 
provide an electronic ‘‘read-me’’ file that 
identifies the data and their units of meas-
ure in the individual disk files. 

(i) Trajectory time-after-liftoff. A launch op-
erator must provide trajectory time-after 
liftoff measured from first motion of the 
first thrusting stage of the launch vehicle. 
The tabulated data must identify the first 
motion time as T–0 and as the ‘‘0.0’’ time 
point on the trajectory. 

(ii) Launch vehicle direction cosines. A 
launch operator must provide the direction 
cosines of the roll axis, pitch axis, and yaw 
axis of the launch vehicle. The roll axis is a 
line identical to the launch vehicle’s longitu-
dinal axis with its origin at the nominal cen-
ter of gravity positive towards the vehicle 
nose. The roll plane is normal to the roll axis 
at the vehicle’s nominal center of gravity. 
The yaw axis and the pitch axis are any two 
orthogonal axes lying in the roll plane. The 
launch operator must provide roll, pitch and 
yaw axes of right-handed systems so that, 
when looking along the roll axis toward the 
nose, a clockwise rotation around the roll 
axis will send the pitch axis toward the yaw 
axis. The right-handed system must be ori-
ented so that the yaw axis is positive in the 
downrange direction while in the vertical po-
sition (roll axis upward from surface) or posi-
tive at an angle of 180 degrees to the 
downrange direction. The axis may be re-
lated to the vehicle’s normal orientation 
with respect to the vehicle’s trajectory but, 
once defined, remain fixed with respect to 
the vehicle’s body. The launch operator must 
indicate the positive direction of the yaw 
axis chosen. The analysis products must 
present the direction cosines using the EFG 
reference system described in paragraph 
(g)(7)(iv) of this section. 

(iii) X, Y, Z, XD, YD, ZD trajectory coordi-
nates. A launch operator must provide the 
launch vehicle position coordinates (X, Y, Z) 
and velocity magnitudes (XD, YD, ZD) ref-
erenced to an orthogonal, Earth-fixed, right- 
handed coordinate system. The XY plane 
must be tangent to the ellipsoidal Earth at 
the origin, which must coincide with the 
launch point. The positive X-axis must coin-
cide with the launch azimuth. The positive 
Z-axis must be directed away from the ellip-

soidal Earth. The Y-axis must be positive to 
the left looking downrange. 

(iv) E, F, G, ED, FD, GD trajectory coordi-
nates. A launch operator must provide the 
launch vehicle position coordinates (E, F, G) 
and velocity magnitudes (ED, FD, GD) ref-
erenced to an orthogonal, Earth fixed, Earth 
centered, right-handed coordinate system. 
The origin of the EFG system must be at the 
center of the reference ellipsoid. The E and F 
axes must lie in the plane of the equator and 
the G-axis coincides with the rotational axis 
of the Earth. The E-axis must be positive 
through 0° East longitude (Greenwich Merid-
ian), the F-axis positive through 90’ East lon-
gitude, and the G-axis positive through the 
North Pole. This system must be non-iner-
tial and rotate with the Earth. 

(v) Resultant Earth-fixed velocity. A launch 
operator must provide the square root of the 
sum of the squares of the XD, YD, and ZD 
components of the trajectory state vector. 

(vi) Path angle of velocity vector. A launch 
operator must provide the angle between the 
local horizontal plane and the velocity vec-
tor measured positive upward from the local 
horizontal. The local horizontal must be a 
plane tangent to the ellipsoidal Earth at the 
sub-vehicle point. 

(vii) Sub-vehicle point. A launch operator 
must provide sub-vehicle point coordinates 
that include present position geodetic lati-
tude and present position longitude. These 
coordinates must be at each trajectory time 
on the surface of the ellipsoidal Earth model 
and located at the intersection of the line 
normal to the ellipsoid and passing through 
the launch vehicle center of gravity. 

(viii) Altitude. A launch operator must pro-
vide the distance from the sub-vehicle point 
to the launch vehicle’s center of gravity. 

(ix) Present position arc-range. A launch op-
erator must provide the distance measured 
along the surface of the reference ellipsoid, 
from the launch point to the sub-vehicle 
point. 

(x) Total weight. A launch operator must 
provide the sum of the inert and propellant 
weights for each time point on the trajec-
tory. 

(xi) Total vacuum thrust. A launch operator 
must provide the total vacuum thrust for 
each time point on the trajectory. 

(xii) Instantaneous impact point data. A 
launch operator must provide instantaneous 
impact point geodetic latitude, instanta-
neous impact point longitude, instantaneous 
impact point arc-range, and time to instan-
taneous impact. The instantaneous impact 
point arc-range must consist of the distance, 
measured along the surface of the reference 
ellipsoid, from the launch point to the in-
stantaneous impact point. For each point on 
the trajectory, the time to instantaneous 
impact must consist of the vacuum flight 
time remaining until impact if all thrust 
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were terminated at the time point on the 
trajectory. 

(xiii) Normal trajectory distribution. A 
launch operator must provide a description 
of the distribution of the dispersed trajec-
tories required under paragraph (d) of this 
section, such as the elements of covariance 
matrices for the launch vehicle position co-
ordinates and velocity component mag-
nitudes. 

A417.9 MALFUNCTION TURN 

(a) General. A flight safety analysis must 
include a malfunction turn analysis that sat-
isfies the requirements of § 417.209. This sec-
tion applies to the computation of the mal-
function turns and the production of turn 
data required by § 417.209 and to the malfunc-
tion turn analysis products that a launch op-
erator must file with the FAA as required by 
§ 417.203(e). 

(b) Malfunction turn analysis constraints. 
The following constraints apply to a mal-
function turn analysis: 

(1) The analysis must produce malfunction 
turns that start at a given malfunction start 
time. The turn must last no less than 12 sec-
onds. These duration limits apply regardless 
of whether or not the vehicle would breakup 
or tumble before the prescribed duration of 
the turn. 

(2) A malfunction turn analysis must ac-
count for the thrusting periods of flight 
along a nominal trajectory beginning at first 
motion until thrust termination of the final 
thrusting stage or until the launch vehicle 
achieves orbit, whichever occurs first. 

(3) A malfunction turn must consist of a 
90-degree turn or a turn in both the pitch and 
yaw planes that would produce the largest 
deviation from the nominal instantaneous 
impact point of which the launch vehicle is 
capable at any time during the malfunction 
turn as required by paragraph (d) of this sec-
tion. 

(4) The first malfunction turn must start 
at liftoff. The analysis must account for sub-
sequent malfunction turns initiated at reg-
ular nominal trajectory time intervals not 
to exceed four seconds. 

(5) A malfunction turn analysis must 
produce malfunction turn data for time in-
tervals of no less than one second over the 
duration of each malfunction turn. 

(6) The analysis must assume that the 
launch vehicle performance is nominal up to 
the point of the malfunction that produces 
the turn. 

(7) A malfunction turn analysis must not 
account for the effects of gravity. 

(8) A malfunction turn analysis must en-
sure the tumble turn envelope curve main-
tains a positive slope throughout the mal-
function turn duration as illustrated in fig-
ure A417.9–1. When calculating a tumble turn 
for an aerodynamically unstable launch ve-
hicle, in the high aerodynamic region it 

often turns out that no matter how small the 
initial deflection of the rocket engine, the 
airframe tumbles through 180 degrees, or 
one-half cycle, in less time than the required 
turn duration period. In such a case, the 
analysis must use a 90-degree turn as the 
malfunction turn. 

(c) Failure modes. A malfunction turn anal-
ysis must account for the significant failure 
modes that result in a thrust vector offset 
from the nominal state. If a malfunction 
turn at a malfunction start time can occur 
as a function of more than one failure mode, 
the analysis must account for the failure 
mode that causes the most rapid and largest 
launch vehicle instantaneous impact point 
deviation. 

(d) Type of malfunction turn. A malfunction 
turn analysis must establish the maximum 
turning capability of a launch vehicle’s ve-
locity vector during each malfunction turn 
by accounting for a 90-degree turn to esti-
mate the vehicle’s turning capability or by 
accounting for trim turns and tumble turns 
in both the pitch and yaw planes to establish 
the vehicle’s turning capability. When estab-
lishing the turning capability of a launch ve-
hicle’s velocity vector, the analysis must ac-
count for each turn as follows: 

(1) 90-degree turn. A 90-degree turn must 
constitute a turn produced at the malfunc-
tion start time by instantaneously re-direct-
ing and maintaining the vehicle’s thrust at 
90 degrees to the velocity vector, without re-
gard for how this situation can be brought 
about. 

(2) Pitch turn. A pitch turn must constitute 
the angle turned by the launch vehicle’s 
total velocity vector in the pitch-plane. The 
velocity vector’s pitch-plane must be the two 
dimensional surface that includes the launch 
vehicle’s yaw-axis and the launch vehicle’s 
roll-axis. 

(3) Yaw turn. A yaw turn must constitute 
the angle turned by the launch vehicle’s 
total velocity vector in the lateral plane. 
The velocity vector’s lateral plane must be 
the two dimensional surface that includes 
the launch vehicle’s pitch axis and the 
launch vehicle’s total velocity. 

(4) Trim turn. A trim turn must constitute 
a turn where a launch vehicle’s thrust mo-
ment balances the aerodynamic moment 
while a constant rotation rate is imparted to 
the launch vehicle’s longitudinal axis. The 
analysis must account for a maximum-rate 
trim turn made at or near the greatest angle 
of attack that can be maintained while the 
aerodynamic moment is balanced by the 
thrust moment, whether the vehicle is stable 
or unstable. 

(5) Tumble turn. A tumble turn must con-
stitute a turn that results if the launch vehi-
cle’s airframe rotates in an uncontrolled 
fashion, at an angular rate that is brought 
about by a thrust vector offset angle, and if 
the offset angle is held constant throughout 
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the turn. The analysis must account for a se-
ries of tumble turns, each turn with a dif-
ferent thrust vector offset angle, that are 
plotted on the same graph for each malfunc-
tion start time. 

(6) Turn envelope. A turn envelope must 
constitute a curve on a tumble turn graph 
that has tangent points to each individual 
tumble turn curve computed for each mal-
function start time. The curve must enve-
lope the actual tumble turn curves to predict 
tumble turn angles for each area between the 
calculated turn curves. Figure A417.9–1 de-
picts a series of tumble turn curves and the 
tumble turn envelope curve. 

(7) Malfunction turn capabilities. When not 
using a 90-degree turn, a malfunction turn 
analysis must establish the launch vehicle 
maximum turning capability as required by 
the following malfunction turn constraints: 

(i) Launch vehicle stable at all angles of at-
tack. If a launch vehicle is so stable that the 
maximum thrust moment that the vehicle 
could experience cannot produce tumbling, 
but produces a maximum-rate trim turn at 
some angle of attack less than 90 degrees, 
the analysis must produce a series of trim 
turns, including the maximum-rate trim 
turn, by varying the initial thrust vector off-
set at the beginning of the turn. If the max-
imum thrust moment results in a maximum- 
rate trim turn at some angle of attack great-
er than 90 degrees, the analysis must produce 
a series of trim turns for angles of attack up 
to and including 90 degrees. 

(ii) Launch vehicle aerodynamically unstable 
at all angles of attack. If flying a trim turn is 
not possible even for a period of only a few 
seconds, the malfunction turn analysis need 
only establish tumble turns. Otherwise, the 
malfunction turn analysis must establish a 
series of trim turns, including the maximum- 
rate trim turn, and the family of tumble 
turns. 

(iii) Launch vehicle unstable at low angles of 
attack but stable at some higher angles of at-
tack. If large engine deflections result in 
tumbling, and small engine deflections do 
not, the analysis must produce a series of 
trim and tumble turns as required by para-
graph (d)(7)(ii) of this section for launch ve-
hicles aerodynamically unstable at all an-
gles of attack. If both large and small con-
stant engine deflections result in tumbling, 
regardless of how small the deflection might 
be, the analysis must account for the mal-
function turn capabilities achieved at the 
stability angle of attack, assuming no upset-

ting thrust moment, and must account for 
the turns achieved by a tumbling vehicle. 

(e) Malfunction turn analysis products. The 
products of a malfunction turn analysis that 
a launch operator must file with the FAA in-
clude: 

(1) A description of the assumptions, tech-
niques, and equations used in deriving the 
malfunction turns. 

(2) A set of sample calculations for at least 
one flight hazard area malfunction start 
time and one downrange malfunction start 
time. The sample computation for the 
downrange malfunction must start at a time 
at least 50 seconds after the flight hazard 
area malfunction start time or at the time of 
nominal thrust termination of the final 
stage minus the malfunction turn duration. 

(3) A launch operator must file malfunc-
tion turn data in electronic tabular and 
graphic formats. The graphs must use scale 
factors such that the plotting and reading 
accuracy do not degrade the accuracy of the 
data. For each malfunction turn start time, 
a graph must use the same time scales for 
the malfunction velocity vector turn angle 
and malfunction velocity magnitude plot 
pairs. A launch operator must provide tab-
ular listings of the data used to generate the 
graphs in digital ASCII file format. A launch 
operator must file the data items required in 
this paragraph for each malfunction start 
time and for time intervals that do not ex-
ceed one second for the duration of each mal-
function turn. 

(i) Velocity turn angle graphs. A launch op-
erator must file a velocity turn angle graph 
for each malfunction start time. For each ve-
locity turn angle graph, the ordinate axis 
must represent the total angle turned by the 
velocity vector, and the abscissa axis must 
represent the time duration of the turn and 
must show increments not to exceed one sec-
ond. The series of tumble turns must include 
the envelope of all tumble turn curves. The 
tumble turn envelope must represent the 
tumble turn capability for all possible con-
stant thrust vector offset angles. Each tum-
ble turn curve selected to define the enve-
lope must appear on the same graph as the 
envelope. A launch operator must file a se-
ries of trim turn curves for representative 
values of thrust vector offset. The series of 
trim turn curves must include the maximum 
rate trim turn. Figure A417.9–1 depicts an ex-
ample family of tumble turn curves and the 
tumble turn velocity vector envelope. 
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(ii) Velocity magnitude graphs. A launch op-
erator must file a velocity magnitude graph 
for each malfunction start time. For each 
malfunction velocity magnitude graph, the 
ordinate axis must represent the magnitude 
of the velocity vector and the abscissa axis 
must represent the time duration of the 
turn. Each graph must show the abscissa di-
vided into increments not to exceed one sec-
ond. Each graph must show the total veloc-
ity magnitude plotted as a function of time 
starting with the malfunction start time for 
each thrust vector offset used to define the 
corresponding velocity turn-angle curve. A 
launch operator must provide a cor-
responding velocity magnitude curve for 
each velocity tumble turn angle curve and 
each velocity trim-turn angle curve. For 

each individual tumble turn curve selected 
to define the tumble turn envelope, the cor-
responding velocity magnitude graph must 
show the individual tumble turn curve’s 
point of tangency to the envelope. The point 
of tangency must consist of the point where 
the tumble turn envelope is tangent to an in-
dividual tumble turn curve produced with a 
discrete thrust vector offset angle. A launch 
operator must transpose the points of tan-
gency to the velocity magnitude curves by 
plotting a point on the velocity magnitude 
curve at the same time point where tangency 
occurs on the corresponding velocity tumble- 
turn angle curve. Figure A417.9–2 depicts an 
example tumble turn velocity magnitude 
curve. 
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(iii) Vehicle orientation. The launch oper-
ator must file tabular or graphical data for 
the vehicle orientation in the form of roll, 
pitch, and yaw angular orientation of the ve-
hicle longitudinal axis as a function of time 

into the turn for each turn initiation time. 
Angular orientation of a launch vehicle’s 
longitudinal axis is illustrated in figures 
A417.9–3 and A417.9–4. 
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(iv) Onset conditions. A launch operator 
must provide launch vehicle state informa-
tion for each malfunction start time. This 
state data must include the launch vehicle 
thrust, weight, velocity magnitude and pad- 
centered topocentric X, Y, Z, XD, YD, ZD 
state vector. 

(v) Breakup information. A launch operator 
must specify whether its launch vehicle will 
remain intact throughout each malfunction 
turn. If the launch vehicle will break up dur-
ing a turn, the launch operator must identify 
the time for launch vehicle breakup on each 
velocity magnitude graph. The launch oper-
ator must show the time into the turn at 
which vehicle breakup would occur as either 
a specific value or a probability distribution 
for time until breakup. 

(vi) Inflection point. A launch operator 
must identify the inflection point on each 
tumble turn envelope curve and maximum 
rate trim turn curve for each malfunction 
start time as illustrated in figure A417.9–1. 
The inflection point marks the point in time 
during the turn where the slope of the curve 
stops increasing and begins to decrease or, in 
other words, the point were the concavity of 
the curve changes from concave up to con-
cave down. The inflection point on a mal-

function turn curve must identify the time 
in the malfunction turn that the launch ve-
hicle body achieves a 90-degree rotation from 
the nominal position. On a tumble turn 
curve the inflection point must represent the 
start of the launch vehicle tumble. 

A417.11 DEBRIS 

(a) General. A flight safety analysis must 
include a debris analysis that satisfies the 
requirements of § 417.211. This section applies 
to the debris data required by § 417.211 and 
the debris analysis products that a launch 
operator must file with the FAA as required 
by § 417.203(e). 

(b) Debris analysis constraints. A debris 
analysis must produce the debris model de-
scribed in paragraph (c) of this section. The 
analysis must account for all launch vehicle 
debris fragments, individually or in 
groupings of fragments called classes. The 
characteristics of each debris fragment rep-
resented by a class must be similar enough 
to the characteristics of all the other debris 
fragments represented by that class that all 
the debris fragments of the class can be de-
scribed by a single set of characteristics. 
Paragraph (c)(10) of this section applies when 
establishing a debris class. A debris model 
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must describe the physical, aerodynamic, 
and harmful characteristics of each debris 
fragment either individually or as a member 
of a class. A debris model must consist of 
lists of individual debris or debris classes for 
each cause of breakup and any planned jet-
tison of debris, launch vehicle components, 
or payload. A debris analysis must account 
for: 

(1) Launch vehicle breakup caused by the 
activation of any flight termination system. 
The analysis must account for: 

(i) The effects of debris produced when 
flight termination system activation de-
stroys an intact malfunctioning vehicle. 

(ii) Spontaneous breakup of the launch ve-
hicle, if the breakup is assisted by the action 
of any inadvertent separation destruct sys-
tem. 

(iii) The effects of debris produced by the 
activation of any flight termination system 
after inadvertent breakup of the launch vehi-
cle. 

(2) Debris due to any malfunction where 
forces on the launch vehicle may exceed the 
launch vehicle’s structural integrity limits. 

(3) The immediate post-breakup or jettison 
environment of the launch vehicle debris, 
and any change in debris characteristics over 
time from launch vehicle breakup or jettison 
until debris impact. 

(4) The impact overpressure, fragmenta-
tion, and secondary debris effects of any con-
fined or unconfined solid propellant chunks 
and fueled components containing either liq-
uid or solid propellants that could survive to 
impact, as a function of vehicle malfunction 
time. 

(5) The effects of impact of the intact vehi-
cle as a function of failure time. The intact 
impact debris analysis must identify the tri-
nitrotoluene (TNT) yield of impact explo-
sions, and the numbers of fragments pro-
jected from all such explosions, including 
non-launch vehicle ejecta and the blast over-
pressure radius. The analysis must use a 
model for TNT yield of impact explosion that 
accounts for the propellant weight at im-
pact, the impact speed, the orientation of 
the propellant, and the impacted surface ma-
terial. 

(c) Debris model. A debris analysis must 
produce a model of the debris resulting from 
planned jettison and from unplanned break-
up of a launch vehicle for use as input to 
other analyses, such as establishing flight 
safety limits and hazard areas and per-
forming debris risk, toxic, and blast anal-
yses. A launch operator’s debris model must 
satisfy the following: 

(1) Debris fragments. A debris model must 
provide the debris fragment data required by 
this section for the launch vehicle flight 
from the planned ignition time until the 
launch vehicle achieves orbital velocity for 
an orbital launch. For a sub-orbital launch, 
the debris model must provide the debris 

fragment data required by this section for 
the launch vehicle flight from the planned 
ignition time until impact of the last thrust-
ing stage. A debris model must provide de-
bris fragment data for the number of time 
periods sufficient to meet the requirements 
for smooth and continuous contours used to 
define hazard areas as required by section 
A417.23. 

(2) Inert fragments. A debris model must 
identify all inert fragments that are not 
volatile and that do not burn or explode 
under normal and malfunction conditions. A 
debris model must identify all inert frag-
ments for each breakup time during flight 
corresponding to a critical event when the 
fragment catalog is significantly changed by 
the event. Critical events include staging, 
payload fairing jettison, and other normal 
hardware jettison activities. 

(3) Explosive and non-explosive propellant 
fragments. A debris model must identify all 
propellant fragments that are explosive or 
non-explosive upon impact. The debris model 
must describe each propellant fragment as a 
function of time, from the time of breakup 
through ballistic free-fall to impact. The de-
bris model must describe the characteristics 
of each fragment, including its origin on the 
launch vehicle, representative dimensions 
and weight at the time of breakup and at the 
time of impact. For any fragment identified 
as an un-contained or contained propellant 
fragment, whether explosive or non-explo-
sive, the debris model must identify whether 
or not it burns during free fall, and provide 
the consumption rate during free fall. The 
debris model must identify: 

(i) Solid propellant that is exposed directly 
to the atmosphere and that burns but does 
not explode upon impact as ‘‘un-contained 
non-explosive solid propellant.’’ 

(ii) Solid or liquid propellant that is en-
closed in a container, such as a motor case 
or pressure vessel, and that burns but does 
not explode upon impact as ‘‘contained non- 
explosive propellant.’’ 

(iii) Solid or liquid propellant that is en-
closed in a container, such as a motor case 
or pressure vessel, and that explodes upon 
impact as ‘‘contained explosive propellant 
fragment.’’ 

(iv) Solid propellant that is exposed di-
rectly to the atmosphere and that explodes 
upon impact as ‘‘un-contained explosive 
solid propellant fragment.’’ 

(4) Other non-inert debris fragments. In addi-
tion to the explosive and flammable frag-
ments required by paragraph (c)(3) of this 
section, a debris model must identify any 
other non-inert debris fragments, such as 
toxic or radioactive fragments, that present 
any other hazards to the public. 

(5) Fragment weight. At each modeled 
breakup time, the individual fragment 
weights must approximately add up to the 
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sum total weight of inert material in the ve-
hicle and the weight of contained liquid pro-
pellants and solid propellants that are not 
consumed in the initial breakup or con-
flagration. 

(6) Fragment imparted velocity. A debris 
model must identify the maximum velocity 
imparted to each fragment due to potential 
explosion or pressure rupture. When account-
ing for imparted velocity, a debris model 
must: 

(i) Use a Maxwellian distribution with the 
specified maximum value equal to the 97th 
percentile; or 

(ii) Identify the distribution, and must 
state whether or not the specified maximum 
value is a fixed value with no uncertainty. 

(7) Fragment projected area. A debris model 
must include each of the axial, transverse, 
and mean tumbling areas of each fragment. 
If the fragment may stabilize under normal 
or malfunction conditions, the debris model 
must also provide the projected area normal 
to the drag force. 

(8) Fragment ballistic coefficient. A debris 
model must include the axial, transverse, 
and tumble orientation ballistic coefficient 
for each fragment’s projected area as re-
quired by paragraph (c)(7) of this section. 

(9) Debris fragment count. A debris model 
must include the total number of each type 
of fragment required by paragraphs (c)(2), 
(c)(3), and (c)(4) of this section and created 
by a malfunction. 

(10) Fragment classes. A debris model must 
categorize each malfunction debris fragment 
into classes where the characteristics of the 
mean fragment in each class conservatively 
represent every fragment in the class. The 
model must define fragment classes for frag-
ments whose characteristics are similar 
enough to be described and treated by a sin-
gle average set of characteristics. A debris 
class must categorize debris by each of the 
following characteristics, and may include 
any other useful characteristics: 

(i) The type of fragment, defined by para-
graphs (c)(2), (c)(3), and (c)(4) of this section. 
All fragments within a class must be the 
same type, such as inert or explosive. 

(ii) Debris subsonic ballistic coefficient 
(bsub). The difference between the smallest 
log10(bsub) value and the largest log10(bsub) 
value in a class must not exceed 0.5, except 
for fragments with bsub less than or equal to 
three. Fragments with bsub less than or equal 
to three may be grouped within a class. 

(iii) Breakup-imparted velocity (DV). A de-
bris model must categorize fragments as a 
function of the range of DV for the fragments 
within a class and the class’s median sub-
sonic ballistic coefficient. For each class, the 
debris model must keep the ratio of the max-
imum breakup-imparted velocity (DVmax) to 
minimum breakup-imparted velocity (DVmin) 
within the following bound: 

Δ
Δ

V
V sub

max

min ’
<

+ ( )
5

2  log10 β
Where: b′sub is the median subsonic ballistic 

coefficient for the fragments in a class. 
(d) Debris analysis products. The products of 

a debris analysis that a launch operator 
must file with the FAA include: 

(1) Debris model. The launch operator’s de-
bris model that satisfies the requirements of 
this section. 

(2) Fragment description. A description of 
the fragments contained in the launch opera-
tor’s debris model. The description must 
identify the fragment as a launch vehicle 
part or component, describe its shape, rep-
resentative dimensions, and may include 
drawings of the fragment. 

(3) Intact impact TNT yield. For an intact 
impact of a launch vehicle, for each failure 
time, a launch operator must identify the 
TNT yield of each impact explosion and blast 
overpressure hazard radius. 

(4) Fragment class data. The class name, the 
range of values for each parameter used to 
categorize fragments within a fragment 
class, and the number of fragments in any 
fragment class established as required by 
paragraph (c)(10) of this section. 

(5) Ballistic coefficient. The mean ballistic 
coefficient (b) and plus and minus three- 
sigma values of the b for each fragment 
class. A launch operator must provide graphs 
of the coefficient of drag (Cd) as a function of 
Mach number for the nominal and three- 
sigma b variations for each fragment shape. 
The launch operator must label each graph 
with the shape represented by the curve and 
reference area used to develop the curve. A 
launch operator must provide a Cd vs. Mach 
curve for any axial, transverse, and tumble 
orientations for any fragment that will not 
stabilize during free-fall conditions. For any 
fragment that may stabilize during free-fall, 
a launch operator must provide Cd vs. Mach 
curves for the stability angle of attack. If 
the angle of attack where the fragment sta-
bilizes is other than zero degrees, a launch 
operator must provide both the coefficient of 
lift (CL) vs. Mach number and the Cd vs. Mach 
number curves. The launch operator must 
provide the equations for each Cd vs. Mach 
curve. 

(6) Pre-flight propellant weight. The initial 
preflight weight of solid and liquid propel-
lant for each launch vehicle component that 
contains solid or liquid propellant. 

(7) Normal propellant consumption. The 
nominal and plus and minus three-sigma 
solid and liquid propellant consumption rate, 
and pre-malfunction consumption rate for 
each component that contains solid or liquid 
propellant. 
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(8) Fragment weight. The mean and plus and 
minus three-sigma weight of each fragment 
or fragment class. 

(9) Projected area. The mean and plus and 
minus three-sigma axial, transverse, and 
tumbling areas for each fragment or frag-
ment class. This information is not required 
for those fragment classes classified as burn-
ing propellant classes under section 
A417.25(b)(8). 

(10) Imparted velocities. The maximum in-
cremental velocity imparted to each frag-
ment class created by flight termination sys-
tem activation, or explosive or overpressure 
loads at breakup. The launch operator must 
identify the velocity distribution as 
Maxwellian or must define the distribution, 
including whether or not the specified max-
imum value is a fixed value with no uncer-
tainty. 

(11) Fragment type. The fragment type for 
each fragment established as required by 
paragraphs (c)(2), (c)(3), and (c)(4) of this sec-
tion. 

(12) Origin. The part of the launch vehicle 
from which each fragment originated. 

(13) Burning propellant classes. The propel-
lant consumption rate for those fragments 
that burn during free-fall. 

(14) Contained propellant fragments, explosive 
or non-explosive. For contained propellant 
fragments, whether explosive or non-explo-
sive, a launch operator must provide the ini-
tial weight of contained propellant and the 
consumption rate during free-fall. The ini-
tial weight of the propellant in a contained 
propellant fragment is the weight of the pro-
pellant before any of the propellant is con-
sumed by normal vehicle operation or failure 
of the launch vehicle. 

(15) Solid propellant fragment snuff-out pres-
sure. The ambient pressure and the pressure 
at the surface of a solid propellant fragment, 
in pounds per square inch, required to sus-
tain a solid propellant fragment’s combus-
tion during free-fall. 

(16) Other non-inert debris fragments. For 
each non-inert debris fragment identified as 
required by paragraph (c)(4) of this section, a 
launch operator must describe the diffusion, 
dispersion, deposition, radiation, and other 
hazard exposure characteristics used to de-
termine the effective casualty area required 
by paragraph (d)(13) of this section. 

(17) Residual thrust dispersion. For each 
thrusting or non-thrusting stage having re-
sidual thrust capability following a launch 
vehicle malfunction, a launch operator must 
provide either the total residual impulse im-
parted or the full-residual thrust as a func-
tion of breakup time. For any stage not ca-
pable of thrust after a launch vehicle mal-
function, a launch operator must provide the 
conditions under which the stage is no 
longer capable of thrust. For each stage that 
can be ignited as a result of a launch vehicle 
malfunction on a lower stage, a launch oper-

ator must identify the effects and duration 
of the potential thrust, and the maximum 
deviation of the instantaneous impact point, 
which can be brought about by the thrust. A 
launch operator must provide the explosion 
effects of all remaining fuels, pressurized 
tanks, and remaining stages, particularly 
with respect to ignition or detonation of 
upper stages if the flight termination system 
is activated during the burning period of a 
lower stage. 

A417.13 FLIGHT SAFETY LIMITS. 

(a) General. A flight safety analysis must 
include a flight safety limits analysis that 
satisfies the requirements of § 417.213. This 
section applies to the computation of the 
flight safety limits and identifying the loca-
tion of populated or other protected areas as 
required by § 417.213 and to the analysis prod-
ucts that the launch operator must file with 
the FAA as required by § 417.203(e). 

(b) Flight safety limits constraints. The anal-
ysis must establish flight safety limits as 
follows: 

(1) Flight safety limits must account for 
potential malfunction of a launch vehicle 
during the time from launch vehicle first 
motion through flight until the planned safe 
flight state determined as required by sec-
tion A417.19. 

(2) For a flight termination at any time 
during launch vehicle flight, the impact 
limit lines must: 

(i) Represent no less than the extent of the 
debris impact dispersion for all debris frag-
ments with a ballistic coefficient greater 
than or equal to three; and 

(ii) Ensure that the debris impact area on 
the Earth’s surface that is bounded by the 
debris impact dispersion in the uprange, 
downrange and crossrange directions does 
not extend to any populated or other pro-
tected area. 

(3) Each debris impact area determined by 
a flight safety limits analysis must be offset 
in a direction away from populated or other 
protected areas. The size of the offset must 
account for all parameters that may con-
tribute to the impact dispersion. The param-
eters must include: 

(i) Launch vehicle malfunction turn capa-
bilities. 

(ii) Effective casualty area produced as re-
quired by section A417.25(b)(8). 

(iii) All delays in the identification of a 
launch vehicle malfunction. 

(iv) Malfunction imparted velocities, in-
cluding any velocity imparted to vehicle 
fragments by breakup. 

(v) Wind effects on the malfunctioning ve-
hicle and falling debris. 

(vi) Residual thrust remaining after flight 
termination. 

(vii) Launch vehicle guidance and perform-
ance errors. 
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(viii) Lift and drag forces on the malfunc-
tioning vehicle and falling debris including 
variations in drag predictions of fragments 
and debris. 

(ix) All hardware and software delays dur-
ing implementation of flight termination. 

(x) All debris impact location uncertain-
ties caused by conditions prior to, and after, 
activation of the flight termination system. 

(xi) Any other impact dispersion param-
eters peculiar to the launch vehicle. 

(xii) All uncertainty due to map error and 
launch vehicle tracking error. 

(c) Risk management. The requirements for 
public risk management of § 417.205(a) apply 
to a flight safety limits analysis. When em-
ploying risk assessment, the analysis must 
establish flight safety limits that satisfy 
paragraph (b) of this section, account for the 
products of the debris risk analysis per-
formed as required by section A417.25, and 
ensure that any risk to the public satisfies 
the public risk criteria of § 417.107(b). When 
employing hazard isolation, the analysis 
must establish flight safety limits in accord-
ance with the following: 

(1) The flight safety limits must account 
for the maximum deviation impact locations 
for the most wind sensitive debris fragment 
with a minimum of 11 ft-lbs of kinetic energy 
at impact. 

(2) The maximum deviation impact loca-
tion of the debris identified in paragraph 
(c)(1) of this section for each trajectory time 
must account for the three-sigma impact lo-
cation for the maximum deviation flight, 
and the launch day wind conditions that 
produce the maximum ballistic wind for that 
debris. 

(3) The maximum deviation flight must ac-
count for the instantaneous impact point, of 
the debris identified in paragraph (c)(1) of 
this section at breakup, that is closest to a 
protected area and the maximum ballistic 
wind directed from the breakup point toward 
that protected area. 

(d) Flight safety limits analysis products. The 
products of a flight safety limits analysis 
that a launch operator must file with the 
FAA include: 

(1) A description of each method used to 
develop and implement the flight safety lim-
its. The description must include equations 
and example computations used in the flight 
safety limits analysis. 

(2) A description of how each analysis 
method meets the analysis requirements and 
constraints of this section, including how 
the method produces a worst-case scenario 
for each impact dispersion area. 

(3) A description of how the results of the 
analysis are used to protect populated and 
other protected areas. 

(4) A graphic depiction or series of depic-
tions of the flight safety limits, the launch 
point, all launch site boundaries, sur-
rounding geographic area, all protected area 

boundaries, and the nominal and three-sigma 
launch vehicle instantaneous impact point 
ground traces from liftoff to orbital inser-
tion or the end of flight. Each depiction 
must have labeled geodetic latitude and lon-
gitude lines. Each depiction must show the 
flight safety limits at trajectory time inter-
vals sufficient to depict the mission success 
margin between the flight safety limits and 
the protected areas. The launch vehicle tra-
jectory instantaneous impact points must be 
plotted with sufficient frequency to provide 
a conformal representation of the launch ve-
hicle’s instantaneous impact point ground 
trace curvature. 

(5) A tabular description of the flight safe-
ty limits, including the geodetic latitude and 
longitude for any flight safety limit. The 
table must contain quantitative values that 
define flight safety limits. Each quantitative 
value must be rounded to the number of sig-
nificant digits that can be determined from 
the uncertainty of the measurement device 
used to determine the flight safety limits 
and must be limited to a maximum of six 
decimal places. 

(6) A map error table of direction and scale 
distortions as a function of distance from the 
point of tangency from a parallel of true 
scale and true direction or from a meridian 
of true scale and true direction. A launch op-
erator must provide a table of tracking error 
as a function of downrange distance from the 
launch point for each tracking station used 
to make flight safety control decisions. A 
launch operator must file a description of 
the method, showing equations and sample 
calculations, used to determine the tracking 
error. The table must contain the map and 
tracking error data points within 100 nau-
tical miles of the reference point at an inter-
val of one data point every 10 nautical miles, 
including the reference point. The table 
must contain map and tracking error data 
points beyond 100 nautical miles from the 
reference point at an interval of one data 
point every 100 nautical miles out to a dis-
tance that includes all populated or other 
areas protected by the flight safety limits. 

(7) A launch operator must provide the 
equations used for geodetic datum conver-
sions and one sample calculation for con-
verting the geodetic latitude and longitude 
coordinates between the datum ellipsoids 
used. A launch operator must provide any 
equations used for range and bearing com-
putations between geodetic coordinates and 
one sample calculation. 

A417.15 STRAIGHT-UP TIME 

(a) General. A flight safety analysis must 
include a straight-up time analysis that sat-
isfies the requirements of § 417.215. This sec-
tion applies to the computation of straight- 
up time as required by § 417.215 and to the 
analysis products that the launch operator 
must file with the FAA as required by 
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§ 417.203(e). The analysis must establish a 
straight-up time as the latest time-after-lift-
off, assuming a launch vehicle malfunctioned 
and flew in a vertical or near vertical direc-
tion above the launch point, at which activa-
tion of the launch vehicle’s flight termi-
nation system or breakup of the launch vehi-
cle would not cause hazardous debris or crit-
ical overpressure to affect any populated or 
other protected area. 

(b) Straight-up time constraints. A straight- 
up time analysis must account for the fol-
lowing: 

(1) Launch vehicle trajectory. The analysis 
must use the straight-up trajectory deter-
mined as required by section A417.7(e). 

(2) Sources of debris impact dispersion. The 
analysis must use the sources described in 
section A417.13(b)(3)(iii) through (xii). 

(c) Straight-up time analysis products. The 
products of a straight-up-time analysis that 
a launch operator must file with the FAA in-
clude: 

(1) The straight-up-time. 
(2) A description of the methodology used 

to determine straight-up time. 

A417.17 OVERFLIGHT GATE 

(a) General. The flight safety analysis for a 
launch that involves flight over a populated 
or other protected area must include an 
overflight gate analysis that satisfies the re-
quirements of § 417.217. This section applies 
to determining a gate as required by § 417.217 
and the analysis products that the launch 
operator must file with the FAA as required 
by § 417.203(e). The analysis must determine 
the portion, referred to as a gate, of a flight 
safety limit, through which a launch vehi-
cle’s tracking representation will be allowed 
to proceed without flight termination. 

(b) Overflight gate analysis constraints. The 
following analysis constraints apply to a 
gate analysis. 

(1) For each gate in a flight safety limit, 
all the criteria used for determining whether 
to allow passage through the gate or to ter-
minate flight at the gate must use all the 
same launch vehicle flight status parameters 
as the criteria used for determining whether 
to terminate flight at a flight safety limit. 
For example, if the flight safety limits are a 
function of instantaneous impact point loca-
tion, the criteria for determining whether to 
allow passage through a gate in the flight 
safety limit must also be a function of in-
stantaneous impact point location. Like-
wise, if the flight safety limits are a function 
of drag impact point, the gate criteria must 
also be a function of drag impact point. 

(2) When establishing a gate in a flight 
safety limit, the analysis must ensure that 
the launch vehicle flight satisfies the flight 
safety requirements of § 417.107. 

(3) For each established gate, the analysis 
must account for: 

(i) All launch vehicle tracking and map er-
rors. 

(ii) All launch vehicle plus and minus 
three-sigma trajectory limits. 

(iii) All debris impact dispersions. 
(4) The width of a gate must restrict a 

launch vehicle’s normal trajectory ground 
trace. 

(c) Overflight gate analysis products. The 
products of a gate analysis that a launch op-
erator must file with the FAA include: 

(1) A description of the methodology used 
to establish each gate. 

(2) A description of the tracking represen-
tation. 

(3) A tabular description of the input data. 
(4) Example analysis computations per-

formed to determine a gate. If a launch in-
volves more than one gate and the same 
methodology is used to determine each gate, 
the launch operator need only file the com-
putations for one of the gates. 

(5) A graphic depiction of each gate. A 
launch operator must provide a depiction or 
depictions showing flight safety limits, pro-
tected area outlines, nominal and 3-sigma 
left and right trajectory ground traces, pro-
tected area overflight regions, and predicted 
impact dispersion about the three-sigma tra-
jectories within the gate. Each depiction 
must show latitude and longitude grid lines, 
gate latitude and longitude labels, and the 
map scale. 

A417.19 DATA LOSS FLIGHT TIME AND 
PLANNED SAFE FLIGHT STATE 

(a) General. A flight safety analysis must 
include a data loss flight time analysis that 
satisfies the requirements of § 417.219. This 
section applies to the computation of data 
loss flight times and the planned safe flight 
state required by § 417.219, and to the anal-
ysis products that the launch operator must 
file with the FAA as required by § 417.203(e). 

(b) Planned safe flight state. The analysis 
must establish a planned safe flight state for 
a launch as follows: 

(1) For a suborbital launch, the analysis 
must determine a planned safe flight state as 
the nominal state vector after liftoff that a 
launch vehicle’s hazardous debris impact dis-
persion can no longer reach any protected 
area. 

(2) For an orbital launch where the launch 
vehicle’s instantaneous impact point does 
not traverse a protected area prior to reach-
ing orbit, the analysis must establish the 
planned safe flight state as the time after 
liftoff that the launch vehicle’s hazardous 
debris impact dispersion can no longer reach 
any protected area or orbital insertion, 
whichever occurs first. 

(3) For an orbital launch where a gate per-
mits overflight of a protected area and where 
orbital insertion occurs after reaching the 
gate, the analysis must determine the 
planned safe flight state as the time after 
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liftoff when the time for the launch vehicle’s 
instantaneous impact point to reach the gate 
is less than the time for the instantaneous 
impact point to reach any flight safety limit. 

(4) The analysis must account for a mal-
function that causes the launch vehicle to 
proceed from its position at the trajectory 
time being evaluated toward the closest 
flight safety limit and protected area. 

(5) The analysis must account for the 
launch vehicle thrust vector that produces 
the highest instantaneous impact point 
range rate that the vehicle is capable of pro-
ducing at the trajectory time being evalu-
ated. 

(c) Data loss flight times. For each launch 
vehicle trajectory time, from the predicted 
earliest launch vehicle tracking acquisition 
time until the planned safe flight state, the 
analysis must determine the data loss flight 
time as follows: 

(1) The analysis must determine each data 
loss flight time as the minimum thrusting 
time for a launch vehicle to move from a 
normal trajectory position to a position 
where a flight termination would cause the 
malfunction debris impact dispersion to 
reach any protected area. 

(2) A data loss flight time analysis must 
account for a malfunction that causes the 
launch vehicle to proceed from its position 
at the trajectory time being evaluated to-
ward the closest flight safety limit and pro-
tected area. 

(3) The analysis must account for the 
launch vehicle thrust vector that produces 
the highest instantaneous impact point 
range rate that the vehicle is capable of pro-
ducing at the trajectory time being evalu-
ated. 

(4) Each data loss flight time must account 
for the system delays at the time of flight. 

(5) The analysis must determine a data loss 
flight time for time increments that do not 
exceed one second along the launch vehicle 
nominal trajectory. 

(d) Products. The products of a data loss 
flight time and planned safe flight state 
analysis that a launch operator must file in-
clude: 

(1) A launch operator must describe the 
methodology used in its analysis, and iden-
tify all assumptions, techniques, input data, 
and equations used. A launch operator must 
file calculations performed for one data loss 
flight time in the vicinity of the launch site 
and one data loss flight time that is no less 
than 50 seconds later in the downrange area. 

(2) A launch operator must file a graphical 
description or depictions of the flight safety 
limits, the launch point, the launch site 
boundaries, the surrounding geographic area, 
any protected areas, the planned safe flight 
state within any applicable scale require-
ments, latitude and longitude grid lines, and 
launch vehicle nominal and three-sigma in-
stantaneous impact point ground traces from 

liftoff through orbital insertion for an or-
bital launch, and through final impact for a 
suborbital launch. Each graph must show 
any launch vehicle trajectory instantaneous 
impact points plotted with sufficient fre-
quency to provide a conformal estimate of 
the launch vehicle’s instantaneous impact 
point ground trace curvature. A launch oper-
ator must provide labeled latitude and lon-
gitude lines and the map scale on the depic-
tion. 

(3) A launch operator must provide a tab-
ular description of each data loss flight time. 
The tabular description must include the 
malfunction start time and the geodetic lati-
tude (positive north of the equator) and lon-
gitude (positive east of the Greenwich Merid-
ian) coordinates of the intersection of the 
launch vehicle instantaneous impact point 
trajectory with the flight safety limit. The 
table must identify the first data lost flight 
time and planned safe flight state. The tab-
ular description must include data loss flight 
times for trajectory time increments not to 
exceed one second. 

A417.21 TIME DELAY 

(a) General. A flight safety analysis must 
include a time delay analysis that satisfies 
the requirements of § 417.221. This section ap-
plies to the computation of time delays asso-
ciated with a flight safety system and other 
launch vehicle systems and operations as re-
quired by § 417.221 and to the analysis prod-
ucts that the launch operator must file with 
the FAA as required by § 417.203(e). 

(b) Time delay analysis constraints. The 
analysis must account for all significant 
causes of time delay between the violation of 
a flight termination rule and the time when 
a flight safety system is capable of termi-
nating flight as follows: 

(1) The analysis must account for decision 
and reaction times, including variation in 
human response time, for flight safety offi-
cial and other personnel that are part of a 
launch operator’s flight safety system as de-
fined by subpart D of this part. 

(2) The analyses must determine the time 
delay inherent in any data, from any source, 
used by a flight safety official for making 
flight termination decisions. 

(3) A time delay analysis must account for 
all significant causes of time delay, includ-
ing data flow rates and reaction times, for 
hardware and software, including, but not 
limited to the following: 

(i) Tracking system. A time delay analysis 
must account for time delays between the 
launch vehicle’s current location and last 
known location and that are associated with 
the hardware and software that make up the 
launch vehicle tracking system, whether or 
not it is located on the launch vehicle, such 
as transmitters, receivers, decoders, 
encoders, modulators, circuitry and any 
encryption and decryption of data. 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00617 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



608 

14 CFR Ch. III (1–1–08 Edition) Pt. 417, App. A 

(ii) Display systems. A time delay analysis 
must account for delays associated with 
hardware and software that make up any dis-
play system used by a flight safety official to 
aid in making flight control decisions. A 
time delay analysis must also account for 
any manual operations requirements, track-
ing source selection, tracking data proc-
essing, flight safety limit computations, in-
herent display delays, meteorological data 
processing, automated or manual system 
configuration control, automated or manual 
process control, automated or manual mis-
sion discrete control, and automated or man-
ual fail over decision control. 

(iii) Flight termination system and command 
control system. A time delay analysis must 
account for delays and response times associ-
ated with flight termination system and 
command control system hardware and soft-
ware, such as transmitters, decoders, 
encoders, modulators, relays and shutdown, 
arming and destruct devices, circuitry and 
any encryption and decryption of data. 

(iv) Software specific time delays. A delay 
analysis must account for delays associated 
with any correlation of data performed by 
software, such as timing and sequencing; 
data filtering delays such as error correc-
tion, smoothing, editing, or tracking source 
selection; data transformation delays; and 
computation cycle time. 

(4) A time delay analysis must determine 
the time delay plus and minus three-sigma 
values relative to the mean time delay. 

(5) For use in any risk analysis, a time 
delay analysis must determine time delay 
distributions that account for the variance 
of time delays for potential launch vehicle 
failure, including but not limited to, the 
range of malfunction turn characteristics 
and the time of flight when the malfunction 
occurs. 

(c) Time delay analysis products. The prod-
ucts of a time delay analysis that a launch 
operator must file include: 

(1) A description of the methodology used 
to produce the time delay analysis. 

(2) A schematic drawing that maps the 
flight safety official’s data flow time delays 
from the start of a launch vehicle malfunc-
tion through the final commanded flight ter-
mination on the launch vehicle, including 
the flight safety official’s decision and reac-
tion time. The drawings must indicate major 
systems, subsystems, major software func-
tions, and data routing. 

(3) A tabular listing of each time delay 
source and its individual mean and plus and 
minus three-sigma contribution to the over-
all time delay. The table must provide all 
time delay values in milliseconds. 

(4) The mean delay time and the plus and 
minus three-sigma values of the delay time 
relative to the mean value. 

A417.23 FLIGHT HAZARD AREAS 

(a) General. A flight safety analysis must 
include a flight hazard area analysis that 
satisfies the requirements of § 417.223. This 
section applies to the determination of flight 
hazard areas for orbital and suborbital 
launch vehicles that use a flight termination 
system to protect the public as required by 
§ 417.223 and to the analysis products that the 
launch operator must file with the FAA as 
required by § 417.203(e). Requirements that 
apply to determining flight hazard areas for 
an unguided suborbital rocket that uses a 
wind-weighting safety system are contained 
in appendix C of this part. 

(b) Launch site flight hazard area. A flight 
hazard area analysis must establish a launch 
site flight hazard area that encompasses the 
launch point and: 

(1) If the flight safety analysis employs 
hazard isolation to establish flight safety 
limits as required by section A417.13(c), the 
launch site flight hazard area must encom-
pass the flight safety limits. 

(2) If the flight safety analysis does not 
employ hazard isolation to establish the 
flight safety limits, the launch site flight 
hazard area must encompass all hazard areas 
established as required by paragraphs (c) 
through (e) of this section. 

(c) Debris impact hazard area. The analysis 
must establish a debris impact hazard area 
that accounts for the effects of impacting de-
bris resulting from normal and malfunc-
tioning launch vehicle flight, except for 
toxic effects, and accounts for potential im-
pact locations of all debris fragments. The 
analysis must establish a debris hazard area 
as follows: 

(1) An individual casualty contour that de-
fines where the risk to an individual would 
exceed an expected casualty (Ec) criteria of 
1 x 10 ¥6 if one person were assumed to be in 
the open and inside the contour during 
launch vehicle flight must bound a debris 
hazard area. The analysis must produce an 
individual casualty contour as follows: 

(i) The analysis must account for the loca-
tion of a hypothetical person, and must vary 
the location of the person to determine when 
the risk would exceed the Ec criteria of 1 x 
10 ¥6. The analysis must count a person as 
a casualty when the person’s location is sub-
jected to any inert debris impact with a 
mean expected kinetic energy greater than 
or equal to 11 ft-lbs or a peak incident over-
pressure equal to or greater than 1.0 psi due 
to explosive debris impact. The analysis 
must determine the peak incident over-
pressure using the Kingery-Bulmash rela-
tionship, without regard to sheltering, re-
flections, or atmospheric effects. 

(ii) The analysis must account for person 
locations that are no more than 1000 feet 
apart in the downrange direction and no 
more than 1000 feet apart in the crossrange 
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direction to produce an individual casualty 
contour. For each person location, the anal-
ysis must sum the probabilities of casualty 
over all flight times for all debris groups. 

(iii) An individual casualty contour must 
consist of curves that are smooth and con-
tinuous. To accomplish this, the analysis 
must vary the time interval between the tra-
jectory times assessed so that each location 
of a debris impact point is less than one-half 
sigma of the downrange dispersion distance. 

(2) The input for determining a debris im-
pact hazard area must account for the re-
sults of the trajectory analysis required by 
section A417.7, the malfunction turn analysis 
required by section A417.9, and the debris 
analysis required by section A417.11 to define 
the impact locations of each class of debris 
established by the debris analysis, and the 
time delay analysis required by section 
A417.21. 

(3) The analysis must account for the ex-
tent of the impact debris dispersions for each 
debris class produced by normal and mal-
functioning launch vehicle flight at each tra-
jectory time. The analysis must also account 
for how the vehicle breaks up, either by the 
flight termination system or by aerodynamic 
forces, if the different breakup may result in 
a different probability of existence for each 
debris class. A debris impact hazard area 
must account for each impacting debris frag-
ment classified as required by section 
A417.11(c). 

(4) The analysis must account for launch 
vehicle flight that exceeds a flight safety 
limit. The analysis must also account for 
trajectory conditions that maximize the 
mean debris impact distance during the 
flight safety system delay time determined 
as required by section A417.21 and account 
for a debris model that is representative of a 
flight termination or aerodynamic breakup. 
For each launch vehicle breakup event, the 
analysis must account for trajectory and 
breakup dispersions, variations in debris 
class characteristics, and debris dispersion 
due to any wind condition under which a 
launch would be attempted. 

(5) The analysis must account for the prob-
ability of failure of each launch vehicle stage 
and the probability of existence of each de-
bris class. The analysis must account for the 
probability of occurrence of each type of 
launch vehicle failure. The analysis must ac-
count for vehicle failure probabilities that 
vary depending on the time of flight. 

(6) In addition to failure debris, the anal-
ysis must account for nominal jettisoned 
body debris impacts and the corresponding 
debris impact dispersions. The analysis must 
use a probability of occurrence of 1.0 for the 
planned debris fragments produced by nor-
mal separation events during flight. 

(d) Near-launch-point blast hazard area. A 
flight hazard area analysis must define a 
blast overpressure hazard area as a circle ex-

tending from the launch point with a radius 
equal to the 1.0 psi overpressure distance 
produced by the equivalent TNT weight of 
the explosive capability of the vehicle. In ad-
dition, the analysis must establish a min-
imum near-pad blast hazard area to provide 
protection from hazardous fragments poten-
tially propelled by an explosion. The anal-
ysis must account for the maximum possible 
total solid and liquid propellant explosive 
potential of the launch vehicle and any pay-
load. The analysis must define a blast over-
pressure hazard area using the following 
equations: 

Rop = 45 · (NEW)1/3 

Where: 

Rop is the over pressure distance in feet. 
NEW = WE · C (pounds). 
WE is the weight of the explosive in pounds. 
C is the TNT equivalency coefficient of the 

propellant being evaluated. A launch oper-
ator must identify the TNT equivalency of 
each propellant on its launch vehicle in-
cluding any payload. TNT equivalency 
data for common liquid propellants is pro-
vided in tables A417–1. Table A417–2 pro-
vides factors for converting gallons of 
specified liquid propellants to pounds. 

(e) Other hazards. A flight hazard area 
analysis must identify any additional haz-
ards, such as radioactive material, that may 
exist on the launch vehicle or payload. For 
each such hazard, the analysis must deter-
mine a hazard area that encompasses any de-
bris impact point and its dispersion and in-
cludes an additional hazard radius that ac-
counts for potential casualty due to the ad-
ditional hazard. Analysis requirements for 
toxic release and far field blast overpressure 
are provided in § 417.27 and section A417.29, 
respectively. 

(1) Aircraft hazard areas. The analysis must 
establish an aircraft hazard area for each 
planned debris impact for the issuance of no-
tices to airmen as required by § 417.121(e). 
Each aircraft hazard area must encompass 
an air space region, from an altitude of 60,000 
feet to impact on the Earth’s surface, that 
contains the three-sigma drag impact disper-
sion. 

(2) Ship hazard areas. The analysis must es-
tablish a ship hazard area for each planned 
debris impact for the issuance of notices to 
mariners as required by § 417.121(e). Each ship 
hazard area must encompass a surface region 
that contains the three-sigma drag impact 
dispersion. 

(f) Flight hazard area analysis products. The 
products of a flight hazard area analysis that 
a launch operator must file with the FAA in-
clude: 

(1) A chart that depicts the launch site 
flight hazard area, including its size and lo-
cation. 
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(2) A chart that depicts each hazard area 
required by this section. 

(3) A description of each hazard for which 
analysis was performed; the methodology 
used to compute each hazard area; and the 
debris classes for aerodynamic breakup of 
the launch vehicle and for flight termi-
nation. For each debris class, the launch op-
erator must identify the number of debris 
fragments, the variation in ballistic coeffi-
cient, and the standard deviation of the de-
bris dispersion. 

(4) A chart that depicts each of the indi-
vidual casualty contour. 

(5) A description of the aircraft hazard area 
for each planned debris impact, the informa-
tion to be published in a Notice to Airmen, 
and all information required as part of any 
agreement with the FAA ATC office having 
jurisdiction over the airspace through which 
flight will take place. 

(6) A description of any ship hazard area 
for each planned debris impact and all infor-
mation required in a Notice to Mariners. 

(7) A description of the methodology used 
for determining each hazard area. 

(8) A description of the hazard area oper-
ational controls and procedures to be imple-
mented for flight. 

A417.25 DEBRIS RISK 

(a) General. A flight safety analysis must 
include a debris risk analysis that satisfies 
the requirements of § 417.225. This section ap-
plies to the computation of the average num-
ber of casualties (Ec) to the collective mem-
bers of debris hazards from the proposed 
flight of a launch vehicle as required by 
§ 417.225 and to the analysis products that the 
launch operator must file with the FAA as 
required by § 417.203(e). 

(b) Debris risk analysis constraints. The fol-
lowing constraints apply to a debris risk: 

(1) A debris risk analysis must use valid 
risk analysis models that compute Ec as the 
summation over all trajectory time intervals 
from lift-off through orbital insertion of the 
products of the probability of each possible 
event and the casualty consequences due to 
debris impacts for each possible event. 

(2) A debris risk analysis must account for 
the following populations: 
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(i) The overflight of populations located in-
side any flight safety limits. 

(ii) All populations located within five- 
sigma left and right crossrange of a nominal 
trajectory instantaneous impact point 
ground trace and within five-sigma of each 
planned nominal debris impact. 

(iii) Any planned overflight of the public 
within any gate overflight areas. 

(iv) Any populations outside the flight 
safety limits identified as required by para-
graph (b)(10) of this section. 

(3) A debris risk analysis must account for 
both inert and explosive debris hazards pro-
duced from any impacting debris caused by 
normal and malfunctioning launch vehicle 
flight. The analysis must account for the de-
bris classes determined by the debris anal-
ysis required by section A417.11. A debris 
risk analysis must account for any inert de-
bris impact with mean expected kinetic en-
ergy at impact greater than or equal to 11 ft- 
lbs and peak incident overpressure of greater 
than or equal to 1.0 psi due to any explosive 
debris impact. The analysis must account for 
all debris hazards as a function of flight 
time. 

(4) A debris risk analysis must account for 
debris impact points and dispersion for each 
class of debris as follows: 

(i) A debris risk analysis must account for 
drag corrected impact points and dispersions 
for each class of impacting debris resulting 
from normal and malfunctioning launch ve-
hicle flight as a function of trajectory time 
from lift-off through orbital insertion, in-
cluding each planned impact, for an orbital 
launch, and through final impact for a sub-
orbital launch. 

(ii) The dispersion for each debris class 
must account for the position and velocity 
state vector dispersions at breakup, the vari-
ance produced by breakup imparted veloci-
ties, the effect of winds on both the ascent 
trajectory state vector at breakup and the 
descending debris piece impact location the 
variance produced by aerodynamic prop-
erties for each debris class, and any other 
dispersion variances. 

(iii) A debris risk analysis must account 
for the survivability of debris fragments that 
are subject to reentry aerodynamic forces or 
heating. A debris class may be eliminated 
from the debris risk analysis if the launch 
operator demonstrates that the debris will 
not survive to impact. 

(5) A debris risk analysis must account for 
launch vehicle failure probability. The fol-
lowing constraints apply: 

(i) For flight safety analysis purposes, a 
failure occurs when a vehicle does not com-
plete any phase of normal flight or exhibits 
the potential for the stage or its debris to 
impact the Earth or reenter the atmosphere 
during the mission or any future mission of 
similar vehicle capability. Also, either a 

launch incident or launch accident con-
stitutes a failure. 

(ii) For a launch vehicle with fewer than 2 
flights completed, the analysis must use a 
reference value for the launch vehicle failure 
probability estimate equal to the upper limit 
of the 60% two-sided confidence limits of the 
binomial distribution for outcomes of all 
previous launches of vehicles developed and 
launched in similar circumstances. The FAA 
may adjust the failure probability estimate 
to account for the level of experience dem-
onstrated by the launch operator and other 
factors that affects the probability of fail-
ure. The FAA may adjust the failure prob-
ability estimate for the second launch based 
on evidence obtained from the first flight of 
the vehicle. 

(iii) For a launch vehicle with at least 2 
flights completed, the analysis must use the 
reference value for the launch vehicle failure 
probability of Table A417–3 based on the out-
comes of all previous launches of the vehicle. 
The FAA may adjust the failure probability 
estimate to account for evidence obtained 
from the flight history of the vehicle. The 
FAA may adjust the failure probability esti-
mate to account for the nature of launch 
outcomes in the flight history of the vehicle, 
corrective actions taken in response to a 
failure of the vehicle, or other vehicle modi-
fications that may affect reliability. The 
FAA may adjust the failure probability esti-
mate to account for the demonstrated qual-
ity of the engineering approach to launch ve-
hicle processing, meeting safety require-
ments in this part, and associated hazard 
mitigation. The analysis must use a final 
failure estimate within the confidence limits 
of Table A417–3. 

(A) Values listed on the far left of Table 
A417–3 apply when no launch failures are ex-
perienced. Values on the far right apply 
when only launch failures are experienced. 
Values in between apply for flight histories 
that include both failures and successes. 

(B) Reference values in Table A417–3 are 
shown in bold. The reference values are the 
median values between 60% two-sided con-
fidence limits of the binomial distribution. 
For the special cases of zero or N failures in 
N launch attempts, the reference values may 
also be recognized as the median value be-
tween the 80% one-sided confidence limit of 
the binomial distribution and zero or one, re-
spectively. 

(C) Upper and lower confidence bounds in 
Table A417–3 are shown directly above and 
below each reference value. These confidence 
bounds are based on 60% two-sided con-
fidence limits of the binomial distribution. 
For the special cases of zero or N failures in 
N launch attempts, the upper and lower con-
fidence bounds are based on the 80% one- 
sided confidence limit, respectively. 
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(6) A debris risk analysis must account for 
the dwell time of the instantaneous impact 
point ground trace over each populated or 
protected area being evaluated. 

(7) A debris risk analysis must account for 
the three-sigma instantaneous impact point 
trajectory variations in left-crossrange, 
right-crossrange, uprange, and downrange as 
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a function of trajectory time, due to launch 
vehicle performance variations as deter-
mined by the trajectory analysis performed 
as required by section A417.7. 

(8) A debris risk analysis must account for 
the effective casualty area as a function of 
launch vehicle flight time for all impacting 
debris generated from a catastrophic launch 
vehicle malfunction event or a planned im-
pact event. The effective casualty area must 
account for both payload and vehicle sys-
tems and subsystems debris. The effective 
casualty area must account for all debris 
fragments determined as part of a launch op-
erator’s debris analysis as required by sec-
tion A417.11. The effective casualty area for 
each explosive debris fragment must account 
for a 1.0 psi blast overpressure radius and the 
projected debris effects for all potentially ex-
plosive debris. The effective casualty area 
for each inert debris fragment must: 

(i) Account for bounce, skip, slide, and 
splatter effects; or 

(ii) Equal seven times the maximum pro-
jected area of the fragment. 

(9) A debris risk analysis must account for 
current population density data obtained 
from a current population database for the 
region being evaluated or by estimating the 
current population using exponential popu-
lation growth rate equations applied to the 
most current historical data available. The 
population model must define population 
centers that are similar enough to be de-
scribed and treated as a single average set of 
characteristics without degrading the accu-
racy of the debris risk estimate. 

(10) For a launch vehicle that uses a flight 
safety system, a debris risk analysis must 
account for the collective risk to any popu-
lations outside the flight safety limits dur-
ing flight, including people who will be at 
any public launch viewing area during flight. 
For such populations, in addition to the con-
straints of paragraphs (b)(1) through (b)(9) of 
this section, a launch operator’s debris risk 
analysis must account for the following: 

(i) The probability of a launch vehicle fail-
ure that would result in debris impact in 
protected areas outside the flight safety lim-
its. 

(ii) The failure probability of the launch 
operator’s flight safety system. A flight safe-
ty system failure rate of 0.002 may be used if 
the flight safety system complies with the 
flight safety system requirements of subpart 
D of this part. For an alternate flight safety 
system approved as required by § 417.107(a)(3), 
the launch operator must demonstrate the 
validity of the probability of failure through 
the licensing process. 

(iii) Current population density data and 
population projections for the day and time 
of flight for the areas outside the flight safe-
ty limits. 

(c) Debris risk analysis products. The prod-
ucts of a debris risk analysis that a launch 
operator must file with the FAA include: 

(1) A debris risk analysis report that pro-
vides the analysis input data, probabilistic 
risk determination methods, sample com-
putations, and text or graphical charts that 
characterize the public risk to geographical 
areas for each launch. 

(2) Geographic data showing: 
(i) The launch vehicle nominal, five-sigma 

left-crossrange and five-sigma right- 
crossrange instantaneous impact point 
ground traces; 

(ii) All exclusion zones relative to the in-
stantaneous impact point ground traces; and 

(iii) All populated areas included in the de-
bris risk analysis. 

(3) A discussion of each launch vehicle fail-
ure scenario accounted for in the analysis 
and the probability of occurrence, which 
may vary with flight time, for each failure 
scenario. This information must include fail-
ure scenarios where a launch vehicle: 

(i) Flies within normal limits until some 
malfunction causes spontaneous breakup or 
results in a commanded flight termination; 

(ii) Experiences malfunction turns; and 
(iii) Flight safety system fails to function. 
(4) A population model applicable to the 

launch overflight regions that contains the 
following: region identification, location of 
the center of each population center by geo-
detic latitude and longitude, total area, 
number of persons in each population center, 
and a description of the shelter characteris-
tics within the population center. 

(5) A description of the launch vehicle, in-
cluding general information concerning the 
nature and purpose of the launch and an 
overview of the launch vehicle, including a 
scaled diagram of the general arrangement 
and dimensions of the vehicle. A launch op-
erator’s debris risk analysis products may 
reference other documentation filed with the 
FAA containing this information. The de-
scription must include: 

(i) Weights and dimensions of each stage. 
(ii) Weights and dimensions of any booster 

motors attached. 
(iii) The types of fuel used in each stage 

and booster. 
(iv) Weights and dimensions of all 

interstage adapters and skirts. 
(v) Payload dimensions, materials, con-

struction, and any payload fuel; payload fair-
ing construction, materials, and dimensions; 
and any non-inert components or materials 
that add to the effective casualty area of the 
debris, such as radioactive or toxic materials 
or high-pressure vessels. 

(6) A typical sequence of events showing 
times of ignition, cutoff, burnout, and jet-
tison of each stage, firing of any ullage rock-
ets, and starting and ending times of coast 
periods and control modes. 
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(7) The following information for each 
launch vehicle motor: 

(i) Propellant type and composition; 
(ii) Thrust profile; 
(iii) Propellant weight and total motor 

weight as a function of time; 
(iv) A description of each nozzle and steer-

ing mechanism; 
(v) For solid rocket motors, internal pres-

sure and average propellant thickness, or 
borehole radius, as a function of time; 

(vi) Maximum impact point deviations as a 
function of failure time during destruct sys-
tem delays. Burn rate as a function of ambi-
ent pressure; 

(vii) A discussion of whether a commanded 
destruct could ignite a non-thrusting motor, 
and if so, under what conditions; and 

(viii) Nozzle exit and entrance areas. 
(8) The launch vehicle’s launch and failure 

history, including a summary of past vehicle 
performance. For a new vehicle with little or 
no flight history, a launch operator must 
provide all known data on similar vehicles 
that include: 

(i) Identification of the launches that have 
occurred; 

(ii) Launch date, location, and direction of 
each launch; 

(iii) The number of launches that per-
formed normally; 

(iv) Behavior and impact location of each 
abnormal experience; 

(v) The time, altitude, and nature of each 
malfunction; and 

(vi) Descriptions of corrective actions 
taken, including changes in vehicle design, 
flight termination, and guidance and control 
hardware and software. 

(9) The values of probability of impact (PI) 
and expected casualty (Ec) for each popu-
lated area. 

A417.27 TOXIC RELEASE HAZARD ANALYSIS 

A flight safety analysis must include a 
toxic release hazard analysis that satisfies 
the requirements of § 417.227. A launch opera-
tor’s toxic release hazard analysis must sat-
isfy the methodology requirements of appen-
dix I of this part. A launch operator must 
file the analysis products identified in ap-
pendix I of this part as required by 
§ 417.203(e). 

A417.29 FAR FIELD BLAST OVERPRESSURE 
EFFECTS ANALYSIS 

(a) General. A flight safety analysis must 
include a far field blast overpressure effects 
hazard analysis that satisfies the require-
ments of § 417.229. This section applies to the 
computation of far field blast overpressure 
effects from the proposed flight of a launch 
vehicle as required by § 417.229 and to the 
analysis products that the launch operator 
must file with the FAA as required by 
§ 417.203(e). The analysis must account for 

distant focus overpressure and any over-
pressure enhancement to establish the po-
tential for broken windows due to peak inci-
dent overpressures below 1.0 psi and related 
casualties due to falling or projected glass 
shards. The analysis must employ either 
paragraph (b) of this section or the risk anal-
ysis of paragraph (c) of this section. 

(b) Far field blast overpressure hazard anal-
ysis. Unless an analysis satisfies the require-
ments of paragraph (c) of this section a far 
field blast overpressure hazard analysis must 
satisfy the following: 

(1) Explosive yield factors. The analysis 
must use explosive yield factor curves for 
each type or class of solid or liquid propel-
lant used by the launch vehicle. Each explo-
sive yield factor curve must be based on the 
most accurate explosive yield data for the 
corresponding type or class of solid or liquid 
propellant based on empirical data or com-
putational modeling. 

(2) Establish the maximum credible explo-
sive yield. The analysis must establish the 
maximum credible explosive yield resulting 
from normal and malfunctioning launch ve-
hicle flight. The explosive yield must ac-
count for impact mass and velocity of im-
pact on the Earth’s surface. The analysis 
must account for explosive yield expressed as 
a TNT equivalent for peak overpressure. 

(3) Characterize the population exposed to 
the hazard. The analysis must demonstrate 
whether any population centers are vulner-
able to a distant focus overpressure hazard 
using the methodology provided by section 
6.3.2.4 of the American National Standard In-
stitute’s ANSI S2.20–1983, ‘‘Estimating Air 
Blast Characteristics for Single Point Explo-
sions in Air with a Guide to Evaluation of 
Atmospheric Propagation and Effects’’ and 
as follows: 

(i) For the purposes of this analysis, a pop-
ulation center must include any area outside 
the launch site and not under the launch op-
erator’s control that contains an exposed 
site. An exposed site includes any structure 
that may be occupied by human beings, and 
that has at least one window, but does not 
include automobiles, airplanes, and water-
borne vessels. The analysis must account for 
the most recent census information on each 
population center. The analysis must treat 
any exposed site for which no census infor-
mation is available, or the census informa-
tion indicates a population equal to or less 
than four persons, as a ‘single residence.’ 

(ii) The analysis must identify the distance 
between the location of the maximum cred-
ible impact explosion and the location of 
each population center potentially exposed. 
Unless the location of the potential explo-
sion site is limited to a defined region, the 
analysis must account for the distance be-
tween the potential explosion site and a pop-
ulation center as the minimum distance be-
tween any point within the region contained 
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by the flight safety limits and the nearest 
exposed site within the population center. 

(iii) The analysis must account for all 
weather conditions optimized for a distant 
focus overpressure hazard by applying an at-
mospheric blast ‘‘focus factor’’ (F) of 5. 

(iv) The analysis must determine, using 
the methodology of section 6.3.2.4 of ANSI 
S2.20–1983, for each a population center, 
whether the maximum credible explosive 
yield of a launch meets, exceeds or is less 
than the ‘‘no damage yield limit,’’ of the 
population center. If the maximum credible 
explosive yield is less than the ‘‘no damage 
yield limit’’ for all exposed sites, the remain-
ing requirements of this section do not 
apply. If the maximum credible explosive 
yield meets or exceeds the ‘‘no damage yield 
limit’’ for a population center then that pop-
ulation center is vulnerable to far field blast 
overpressure from the launch and the re-
quirements of paragraphs (b)(4) and (b)(5) of 
this section apply. 

(4) Estimate the quantity of broken win-
dows. The analysis must use a focus factor of 
5 and the methods provided by ANSI S2.20– 
1983 to estimate the number of potential bro-
ken windows within each population center 
determined to be vulnerable to the distant 
focus overpressure hazard as required by 
paragraph (b)(3) of this section. 

(5) Determine and implement measures 
necessary to prevent distant focus over-
pressure from breaking windows. For each 
population center that is vulnerable to far 
field blast overpressure from a launch, the 
analysis must identify mitigation measures 
to protect the public from serious injury 
from broken windows and the flight commit 
criteria of § 417.113(b) needed to enforce the 
mitigation measures. A launch operator’s 
mitigation measures must include one or 
more of the following: 

(i) Apply a minimum 4-millimeter thick 
anti-shatter film to all exposed sites where 
the maximum credible yield exceeds the ‘‘no 
damage yield limit.’’ 

(ii) Evacuate the exposed public to a loca-
tion that is not vulnerable to the distant 
focus overpressure hazard at least two hours 
prior to the planned flight time. 

(iii) If, as required by paragraph (b)(4) of 
this section, the analysis predicts that less 
than 20 windows will break, advise the public 
of the potential for glass breakage. 

(c) Far field blast overpressure risk analysis. 
If a launch operator does not employ para-
graph (b) of this section to perform a far 
field overpressure hazard analysis, the 
launch operator must conduct a risk anal-
ysis that demonstrates that the launch will 
be conducted in accordance with the public 
risk criteria of § 417.107(b). 

(d) Far field blast overpressure effect prod-
ucts. The products of a far field blast over-
pressure analysis that a launch operator 
must file with the FAA include: 

(1) A description of the methodology used 
to produce the far field blast overpressure 
analysis results, a tabular description of the 
analysis input data, and a description of any 
far field blast overpressure mitigation meas-
ures implemented. 

(2) For any far field blast overpressure risk 
analysis, an example set of the analysis com-
putations. 

(3) The values for the maximum credible 
explosive yield as a function of time of 
flight. 

(4) The distance between the potential ex-
plosion location and any population center 
vulnerable to the far field blast overpressure 
hazard. For each population center, the 
launch operator must identify the exposed 
populations by location and number of peo-
ple. 

(5) Any mitigation measures established to 
protect the public from far field blast over-
pressure hazards and any flight commit cri-
teria established to ensure the mitigation 
measures are enforced. 

A417.31 COLLISION AVOIDANCE 

(a) General. A flight safety analysis must 
include a collision avoidance analysis that 
satisfies the requirements of § 417.231. This 
section applies to a launch operator obtain-
ing a collision avoidance assessment from 
United States Strategic Command as re-
quired by § 417.231 and to the analysis prod-
ucts that the launch operator must file with 
the FAA as required by § 417.203(e). United 
States Strategic Command refers to a colli-
sion avoidance analysis for a space launch as 
a conjunction on launch assessment. 

(b) Analysis constraints. A launch operator 
must satisfy the following when obtaining 
and implementing the results of a collision 
avoidance analysis: 

(1) A launch operator must provide United 
States Strategic Command with the launch 
window and trajectory data needed to per-
form a collision avoidance analysis for a 
launch as required by paragraph (c) of this 
section, at least 15 days before the first at-
tempt at flight. The FAA will identify a 
launch operator to United States Strategic 
Command as part of issuing a license and 
provide a launch operator with current 
United States Strategic Command contact 
information. 

(2) A launch operator must obtain a colli-
sion avoidance analysis performed by United 
States Strategic Command 6 hours before 
the beginning of a launch window. 

(3) A launch operator may use a collision 
avoidance analysis for 12 hours from the 
time that United States Strategic Command 
determines the state vectors of the manned 
or mannable orbiting objects. If a launch op-
erator needs an updated collision avoidance 
analysis due to a launch delay, the launch 
operator must file the request with United 
States Strategic Command at least 12 hours 
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prior to the beginning of the new launch win-
dow. 

(4) For every 90 minutes, or portion of 90 
minutes, that pass between the time United 
States Strategic Command last determined 
the state vectors of the orbiting objects, a 
launch operator must expand each wait in a 
launch window by subtracting 15 seconds 
from the start of the wait in the launch win-
dow and adding 15 seconds to the end of the 
wait in the launch window. A launch oper-
ator must incorporate all the resulting waits 
in the launch window into its flight commit 
criteria established as required by § 417.113. 

(c) Information required. A launch operator 
must prepare a collision avoidance analysis 
worksheet for each launch using a standard-
ized format that contains the input data re-
quired by this paragraph. A launch operator 
must file the input data with United States 
Strategic Command for the purposes of com-
pleting a collision avoidance analysis. A 
launch operator must file the input data 
with the FAA as part of the license applica-
tion process as required by § 415.115 of this 
chapter. 

(1) Launch information. A launch operator 
must file the following launch information: 

(i) Mission name. A mnemonic given to the 
launch vehicle/payload combination identi-
fying the launch mission from all others. 

(ii) Segment number. A segment is defined 
as a launch vehicle stage or payload after 
the thrusting portion of its flight has ended. 
This includes the jettison or deployment of 
any stage or payload. A launch operator 
must provide a separate worksheet for each 
segment. For each segment, a launch oper-
ator must determine the ‘‘vector at injec-
tion’’ as defined by paragraph (c)(5) of this 
section. The data must present each segment 
number as a sequence number relative to the 
total number of segments for a launch, such 
as ‘‘1 of 5.’’ 

(iii) Launch window. The launch window 
opening and closing times in Greenwich 
Mean Time (referred to as ZULU time) and 
the Julian dates for each scheduled launch 
attempt. 

(2) Point of contact. The person or office 
within a launch operator’s organization that 
collects, analyzes, and distributes collision 
avoidance analysis results. 

(3) Collision avoidance analysis analysis re-
sults transmission medium. A launch operator 
must identify the transmission medium, 
such as voice, FAX, or e-mail, for receiving 
results from United States Strategic Com-
mand. 

(4) Requestor launch operator needs. A 
launch operator must indicate the types of 
analysis output formats required for estab-
lishing flight commit criteria for a launch: 

(i) Waits. All the times within the launch 
window during which flight must not be ini-
tiated. 

(ii) Windows. All the times within an over-
all launch window during which flight may 
be initiated. 

(5) Vector at injection. A launch operator 
must identify the vector at injection for 
each segment. ‘‘Vector at injection’’ identi-
fies the position and velocity of all orbital or 
suborbital segments after the thrust for a 
segment has ended. 

(i) Epoch. The epoch time, in Greenwich 
Mean Time (GMT), of the expected launch 
vehicle liftoff time. 

(ii) Position and velocity. The position co-
ordinates in the EFG coordinate system 
measured in kilometers and the EFG compo-
nents measured in kilometers per second, of 
each launch vehicle stage or payload after 
any burnout, jettison, or deployment. 

(6) Time of powered flight. The elapsed time 
in seconds, from liftoff to arrival at the 
launch vehicle vector at injection. The input 
data must include the time of powered flight 
for each stage or jettisoned component 
measured from liftoff. 

(7) Time span for launch window file (LWF). 
A launch operator must provide the fol-
lowing information regarding its launch win-
dow: 

(i) Launch window. The launch window 
measured in minutes from the initial pro-
posed liftoff time. 

(ii) Time of powered flight. The time pro-
vided as required by paragraph (c)(6) of this 
section measured in minutes rounded up to 
the nearest integer minute. 

(iii) Screen duration. The time duration, 
after all thrusting periods of flight have 
ended, that a collision avoidance analysis 
must screen for potential conjunctions with 
manned or mannable orbital objects. Screen 
duration is measured in minutes and must be 
greater than or equal to 100 minutes for an 
orbital launch. 

(iv) Extra pad. An additional period of time 
for collision avoidance analysis screening to 
ensure the entire first orbit is screened for 
potential conjunctions with manned or 
mannable orbital objects. This time must be 
10 minutes unless otherwise specified by 
United States Strategic Command. 

(v) Total. The summation total of the time 
spans provided as required by paragraphs 
(c)(7)(i) through (c)(7)(iv) expressed in min-
utes. 

(8) Screening. A launch operator must se-
lect spherical or ellipsoidal screening as de-
fined in this paragraph for determining any 
conjunction. The default must be the spher-
ical screening method using an avoidance ra-
dius of 200 kilometers for manned or 
mannable orbiting objects. If the launch op-
erator requests screening for any unmanned 
or unmannable objects, the default must be 
the spherical screening method using a miss 
distance of 25 kilometers. 

(i) Spherical screening. Spherical screening 
utilizes an impact exclusion sphere centered 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00626 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



617 

Commercial Space Transportation, FAA, DOT Pt. 417, App. B 

on each orbiting object’s center-of-mass to 
determine any conjunction. A launch oper-
ator must specify the avoidance radius for 
manned or mannable objects and for any un-
manned or unmannable objects if the launch 
operator elects to perform the analysis for 
unmanned or unmannable objects. 

(ii) Ellipsoidal screening. Ellipsoidal screen-
ing utilizes an impact exclusion ellipsoid of 
revolution centered on the orbiting object’s 
center-of-mass to determine any conjunc-
tion. A launch operator must provide input 
in the UVW coordinate system in kilometers. 
The launch operator must provide delta–U 
measured in the radial-track direction, 
delta–V measured in the in-track direction, 
and delta–W measured in the cross-track di-
rection. 

(9) Orbiting objects to evaluate. A launch op-
erator must identify the orbiting objects to 
be included in the analysis. 

(10) Deliverable schedule/need dates. A 
launch operator must identify the times be-
fore flight, referred to as ‘‘L-times,’’ for 
which the launch operator requests a colli-
sion avoidance analysis. 

(d) Collision avoidance assessment products. 
A launch operator must file its collision 
avoidance analysis products as required by 
§ 417.203(e) and must include the input data 
required by paragraph (c) of this section. A 
launch operator must incorporate the result 
of the collision avoidance analysis into its 
flight commit criteria established as re-
quired by § 417.113. 

APPENDIX B TO PART 417—FLIGHT HAZ-
ARD AREA ANALYSIS FOR AIRCRAFT 
AND SHIP PROTECTION 

B417.1 SCOPE 

This appendix contains requirements to es-
tablish aircraft hazard areas, ship hazard 
areas, and land impact hazard areas. The 
methodologies contained in this appendix 
represent an acceptable means of satisfying 
the requirements of § 417.107 and § 417.223 as 
they pertain to ship, aircraft, and land haz-
ard areas. This appendix provides a standard 
and a measure of fidelity against which the 
FAA will measure any proposed alternative 
approaches. Requirements for a launch oper-
ator’s implementation of a hazard area are 
contained in §§ 417.121(e) and (f). 

B417.3 HAZARD AREA NOTIFICATIONS AND 
SURVEILLANCE 

(a) A launch operator must ensure the fol-
lowing notifications have been made and ad-
hered to at launch: 

(1) A Notice to Airmen (NOTAM) must be 
issued for every aircraft hazard area identi-
fied as required by sections B417.5 and B417.7. 
The NOTAM must be effective no less than 
thirty minutes prior to flight and effective 
until no sooner than thirty minutes after the 

air space volume requested by the NOTAM 
can no longer be affected by the launch vehi-
cle or its potential hazardous effects. 

(2) A Notice to Mariners (NOTMAR) must 
be issued for every ship hazard area identi-
fied as required by sections B417.5 and B417.7. 
The NOTMAR must be effective no less than 
thirty minutes prior to flight and effective 
until no sooner than thirty minutes after the 
area requested by the NOTMAR can no 
longer be affected by the launch vehicle or 
its potential hazardous effects. 

(3) All local officials and landowners adja-
cent to any hazard area must be notified of 
the flight schedule no less than two days 
prior to the flight of the launch vehicle. 

(b) A launch operator must survey each of 
the following hazard areas: 

(1) Each launch site hazard area; 
(2) Each aircraft hazard area in the vicin-

ity of the launch site; and 
(3) Each ship hazard area in the vicinity of 

the launch site. 

B417.5 LAUNCH SITE HAZARD AREA 

(a) General. A launch operator must per-
form a launch site hazard area analysis that 
protects the public, aircraft, and ships from 
the hazardous activities in the vicinity of 
the launch site. The launch operator must 
evacuate and monitor each launch site haz-
ard area to ensure compliance with 
§§ 417.107(b)(2) and (b)(3). 

(b) Launch site hazard area analysis input. A 
launch site hazard area must encompass no 
less than the following: 

(1) Each land hazard area in the vicinity of 
the launch site calculated as required by sec-
tion B417.13; 

(2) Each ship hazard area in the vicinity of 
the launch site calculated as required by sec-
tion B417.11(c); and 

(3) The aircraft hazard area in the vicinity 
of the launch site calculated as required by 
section B417.9(c). 

B417.7 DOWNRANGE HAZARD AREAS 

(a) General. A launch operator must per-
form a downrange hazard area analysis that 
protects the public, aircraft, and ships from 
the hazardous activities in the vicinity of 
each scheduled impact location. 

(b) Downrange hazard areas analysis input. 
A launch hazard area must bound no less 
than the following: 

(1) The aircraft hazard area in the vicinity 
of each planned impact location calculated 
as required by section B417.9(d); 

(2) The ship hazard area in the vicinity of 
each planned water impact location cal-
culated as required by section B417.11(d); and 

(3) The land hazard area in the vicinity of 
each planned land impact location cal-
culated as required by section B417.13. 
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B417.9 AIRCRAFT HAZARD AREAS ANALYSIS 

(a) General. A launch operator must per-
form an aircraft hazard areas analysis as re-
quired by § 417.223(b). A launch operator’s air-
craft hazard areas analysis must determine 
the aircraft hazard area in the vicinity of the 
launch site and the aircraft hazard area in 
the vicinity of each planned impact location 
as required by this section. 

(b) Aircraft hazard areas analysis input. A 
launch operator must account for the fol-
lowing inputs to determine the aircraft haz-
ard areas: 

(1) The trajectory analysis performed as re-
quired by section A417.7 or section C417.3; 
and 

(2) The debris risk analysis performed as 
required by section A417.25 or section C417.9. 

(c) Methodology for computing an aircraft 
hazard area in the vicinity of the launch site. 
An aircraft hazard area analysis must deter-
mine an aircraft hazard area that encom-
passes the launch point from the surface of 
the Earth to an altitude of 100,000 ft MSL 
and wholly contains the launch vehicle’s 
normal trajectory plus five nautical miles in 
every radial direction. A launch operator 
must calculate an aircraft hazard area in the 
vicinity of the launch site as follows: 

(1) Using the trajectory analysis performed 
as required by section A417.7 or section 
C417.3, select all data locations where the ve-
hicle’s nominal altitude, or positional com-
ponent on the z-axis, is less than and equal 
to 100,000 ft MSL. 

(2) From the data locations representing 
the dispersed trajectories calculated as re-
quired by section A417.7(d) or section 
C417.3(f) and modified to incorporate a 5 nm 
buffer as required by paragraph (c)(1) of this 
section for the data locations selected below 
a nominal altitude of 100,000 ft MSL as re-
quired by paragraph (c)(1) of this section, se-
lect the location that is the farthest left- 
hand crossrange, the location that is the far-
thest right-hand crossrange, the location 
that is the farthest downrange, and the loca-
tion that is the farthest uprange. 

(3) Construct a box in the xy plane that in-
cludes two lines parallel to the azimuth, two 
lines perpendicular to the azimuth, and con-
tains the four locations selected as required 
by paragraph (c)(2) of this section. 

(4) Extend the box constructed as required 
by paragraph (c)(3) of this section from the 
surface of the Earth to an infinite altitude. 

(d) Methodology for computing an aircraft 
hazard area in the vicinity of each planned im-
pact location. A launch operator must deter-
mine an aircraft hazard area in the vicinity 
of each planned impact location from the 
surface of the Earth to an altitude of 100,000 
ft MSL that wholly contains the launch ve-
hicle’s calculated impact dispersion with a 5 
nm buffer and the normal trajectory. A 
launch operator must compute an aircraft 

hazard area in the vicinity of each planned 
impact location as follows: 

(1) The analysis must calculate a three- 
sigma dispersion ellipse by determining the 
three-sigma impact limit around a planned 
impact location. 

(2) Taking the three-sigma dispersion el-
lipse calculated as required by paragraph 
(d)(1) of this section, plot a co-centric ellipse 
in the xy plane where the major and minor 
axes are 10nm longer than the major and 
minor axes of the three-sigma dispersion el-
lipse. 

(3) Extend the ellipse calculated as re-
quired by paragraph (d)(2) of this section 
from the surface to an infinite altitude. 

(4) Using the trajectory that predicts the 
instantaneous impact locations required in 
section A417.7(g)(7)(xii) or section C417.3(d), 
find the location on the trajectory where the 
vehicle’s nominal altitude is predicted to be 
100,000 ft MSL. 

(5) At the trajectory time where the alti-
tude is represented as 100,000 ft MSL, select 
the corresponding points from the normal 
trajectory dispersion that are the farthest 
uprange, downrange, right crossrange, and 
left crossrange relative to the nominal tra-
jectory. 

(6) Construct a box in the xy plane that in-
cludes two lines parallel to the azimuth, two 
lines perpendicular to the azimuth, and con-
tains the points selected as required by para-
graph (d)(5) of this section and the nominal 
impact point. 

(7) Extend the box constructed as required 
by paragraph (d)(6) of this section from the 
surface of the Earth to an infinite altitude. 

(8) Construct a volume, the aircraft hazard 
area, that encompasses the volumes cal-
culated as required by paragraphs (d)(3) and 
(d)(7) of this section. 

B417.11 SHIP HAZARD AREAS ANALYSIS 

(a) General. A flight hazard area analysis 
must establish ship hazard areas bound by 
the 1 × 10¥5 ship impact contour in the vicin-
ity of the launch site and the vehicle’s three- 
sigma dispersion limit plus a 5 nm buffer in 
the vicinity of a planned, downrange impact 
location. 

(b) Ship hazard area analysis input. A 
launch operator must account for the fol-
lowing inputs to determine the ship hazard 
areas: 

(1) The trajectory analysis performed as re-
quired by section A417.7 or section C417.3; 

(2) For a launch vehicle flown with a flight 
safety system, the malfunction turn analysis 
required by section A417.9; 

(3) The debris analysis required by section 
A417.11 or section C417.7 to define the impact 
locations of each class of debris established 
by the debris analysis; 

(4) For a launch vehicle flown with a flight 
safety system, the time delay analysis re-
quired by section A417.21; and 
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(5) The debris risk analysis performed as 
required by section A417.25 or section C417.9. 

(c) Methodology for computing ship hazard 
areas in the vicinity of the launch site. The 
analysis must establish the ship-hit contours 
as follows: 

(1) A ship-hit contour must account for the 
size of the largest ship that could be located 
in the ship hazard area. The analysis must 
demonstrate that the ship size used rep-
resents the largest ship that could be present 
in the ship hazard area or, if the ship size is 
unknown, the analysis must use a ship size 
of 120,000 square feet. 

(2) The analysis must first calculate the 
probability of impacting the reference ship 
selected as required by paragraph (c)(1) of 
this section at the location of interest. From 
the location of interest, move the ship away 
from the launch location along a single ra-
dial until the probability that debris is 
present at that location multiplied by the 
probability that a ship is at that location is 
less than or equal to 1 × 10¥5. When calcu-
lating the probability of impacting a ship, an 
impact occurs when: 

(i) The analysis predicts that inert debris 
will directly impact the vessel with a mean 
expected kinetic energy at impact greater 
than or equal to 11 ft-lbs; or 

(ii) The analysis predicts the peak incident 
overpressure at the reference vessel will be 
greater than or equal to 1.0 psi due to any ex-
plosive debris impact. 

(3) The analysis must account for: 
(i) The variance in winds; 
(ii) The aerodynamic properties of the de-

bris; 
(iii) The variance in velocity of the debris; 
(iv) Guidance and performance errors; 
(v) The type of vehicle breakup, either by 

any flight termination system or by aero-
dynamic forces that may result in different 
debris characteristics; and 

(vi) Debris impact dispersion resulting 
from vehicle breakup and the malfunction 
turn capabilities of the launch vehicle. 

(4) Repeat the process outlined in para-
graph (c)(2) of this section while varying the 
radial direction until enough locations are 
found where the reference ship’s probability 
of impact is less than or equal to 1 × 10¥5 
such that connecting each location will re-
sult in a smooth and continuous contour. 

(d) Methodology for computing ship hazard 
areas in the vicinity of each planned water im-
pact location. A launch operator must com-
pute a ship hazard area in the vicinity of 
each planned impact location as required by 
the following: 

(1) The analysis must calculate a three- 
sigma dispersion ellipse by determining the 
three-sigma impact limit around a planned 
impact location. 

(2) Taking the three-sigma dispersion el-
lipse calculated as required by paragraph 
(d)(1) of this section, plot a co-centric ellipse 

in the xy plane where the major and minor 
axes are 10 nm longer than the major and 
minor axes of the three-sigma dispersion el-
lipse. 

B417.13 LAND HAZARD AREAS ANALYSIS 

(a) General. A flight hazard area analysis 
must establish land hazard areas in the vi-
cinity of the launch site and land hazard 
areas in the vicinity of each land impact lo-
cation to ensure that the probability of a 
member of the public being struck by debris 
satisfies the probability threshold of 1 × 10¥6 
required by § 417.107(b) and to determine ex-
clusion areas that may require entry control 
and surveillance prior to initiation of flight. 
The analysis must establish a land impact 
hazard area that accounts for the effects of 
impacting debris resulting from normal and 
malfunctioning launch vehicle flight, except 
for toxic effects, and accounts for potential 
impact locations of all debris fragments. The 
land hazard area must encompass all indi-
vidual casualty contours and the near- 
launch-point blast hazard area calculated as 
required by paragraph (c) of this section. A 
launch operator may initiate flight only if 
no member of the public is present within 
the land hazard area. 

(b) Land hazard areas analysis input. A land 
hazard analysis must account for the fol-
lowing inputs to determine the land hazard 
area: 

(1) The trajectory analysis performed as re-
quired by section A417.7 or section C417.3; 

(2) For a launch vehicle flown with a flight 
safety system, the malfunction turn analysis 
required by section A417.9; 

(3) The debris analysis required by section 
A417.11 or section C417.7 to define the impact 
locations of each class of debris established 
by the debris analysis; 

(4) For a launch vehicle flown with a flight 
safety system, the time delay analysis re-
quired by section A417.21; and 

(5) The debris risk analysis performed as 
required by section A417.25 or section C417.9. 

(c) Methodology for computing land hazard 
areas in the vicinity of the launch site and in 
the vicinity of each planned land impact loca-
tion. The analysis must establish a land haz-
ard area as follows: 

(1) Each land hazard area must completely 
encompass all individual casualty contours 
that define where the risk to an individual 
would exceed the expected casualty (Ec) cri-
teria of 1 × 10¥6 if one person were assumed 
to be in the open and inside the contour dur-
ing launch vehicle flight. The analysis must 
produce an individual casualty contour as 
follows: 

(i) The analysis must account for the loca-
tion of a hypothetical person, and must vary 
the location of the person to determine when 
the risk would exceed the Ec criteria of 1 × 
10¥6. The analysis must count a person as a 
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casualty when the person’s location is sub-
jected to any inert debris impact with a 
mean expected kinetic energy greater than 
or equal to 11 ft-lbs or a peak incident over-
pressure equal to or greater than 1.0 psi due 
to explosive debris impact. The analysis 
must determine the peak incident over-
pressure using the Kingery-Bulmash rela-
tionship, without regard to sheltering, re-
flections, or atmospheric effects. 

(ii) The analysis must account for all per-
son locations that are no more than 1000 feet 
apart in the downrange direction and no 
more than 1000 feet apart in the crossrange 
direction to produce an individual casualty 
contour. For each person location, the anal-
ysis must sum all the probabilities of cas-
ualty over all flight times for all debris 
groups. 

(iii) An individual casualty contour must 
consist of curves that are smooth and con-
tinuous. To accomplish this, the analysis 
must vary the time interval between each 
trajectory time assessed so that each loca-
tion of a debris impact point is less than one- 
half sigma of the downrange dispersion dis-
tance. 

(2) The input for determining a land im-
pact hazard area must account for the fol-
lowing in order to define the impact loca-
tions of each class of debris established by 
the debris analysis and the time delay anal-
ysis required by section A417.21 for a launch 
vehicle flown with a flight safety system: 

(i) The results of the trajectory analysis 
required by section A417.7 or section C417.3; 

(ii) The malfunction turn analysis required 
by section A417.9 for a launch vehicle flown 
with a flight safety system; and 

(iii) The debris analysis required by sec-
tion A417.11 or section C417.7. 

(3) The analysis must account for the ex-
tent of the impact debris dispersions for each 
debris class produced by normal and mal-
functioning launch vehicle flight at each tra-
jectory time. The analysis must also account 
for how the vehicle breaks up, either by any 
flight termination system or by aerodynamic 
forces, if the different breakup may result in 
a different probability of existence for each 
debris class. A land impact hazard area must 
account for each impacting debris fragment 
classified as required by section A417.11(c) or 
section C417.7. 

(4) For a launch vehicle flown with a flight 
safety system, the analysis must account for 
launch vehicle flight that exceeds a flight 
safety limit. The analysis must also account 
for trajectory conditions that maximize the 
mean debris impact distance during the 
flight safety system delay time determined 
as required by section A417.21 and account 
for a debris model that is representative of a 
flight termination or aerodynamic breakup. 

(5) For each launch vehicle breakup event, 
the analysis must account for trajectory and 
breakup dispersions, variations in debris 

class characteristics, and debris dispersion 
due to any wind condition under which a 
launch would be attempted. 

(6) The analysis must account for the prob-
ability of failure of each launch vehicle stage 
and the probability of existence of each de-
bris class. The analysis must account for the 
probability of occurrence of each type of 
launch vehicle failure. The analysis must ac-
count for each vehicle failure probabilities 
that vary depending on the time of flight. 

(7) In addition to failure debris, the anal-
ysis must account for nominal jettisoned 
body debris impacts and the corresponding 
debris impact dispersions. The analysis must 
use a probability of occurrence of 1.0 for the 
planned debris fragments produced by nor-
mal separation events during flight. 

(d) Near-launch-point blast hazard area. A 
land hazard area analysis must define a blast 
overpressure hazard area as a circle extend-
ing from the launch point with a radius 
equal to the 1.0 psi overpressure distance 
produced by the equivalent TNT weight of 
the explosive capability of the vehicle. In ad-
dition, the analysis must establish a min-
imum near-launch point blast hazard area to 
provide protection from hazardous fragments 
potentially propelled by an explosion. The 
analysis must account for the maximum pos-
sible total solid and liquid propellant explo-
sive potential of the launch vehicle and any 
payload. The analysis must define a blast 
overpressure hazard area using the following 
equations: 

Rop = 45 · (NEW)1/3 

Where: 

Rop is the over pressure distance in feet. 
NEW = WE · C (pounds). 
WE is the weight of the explosive in pounds. 
C is the TNT equivalency coefficient of the 

propellant being evaluated. A launch oper-
ator must identify the TNT equivalency of 
each propellant on its launch vehicle in-
cluding any payload. TNT equivalency 
data for common liquid propellants is pro-
vided in tables A417–1. Table A417–2 pro-
vides factors for converting gallons of 
specified liquid propellants to pounds. 

(e) Other hazards. A flight hazard area 
analysis must identify any additional haz-
ards, such as radioactive material, that may 
exist on the launch vehicle or payload. For 
each such hazard, the analysis must deter-
mine a hazard area that encompasses any de-
bris impact point and its dispersion and in-
cludes an additional hazard radius that ac-
counts for potential casualty due to the ad-
ditional hazard. Analysis requirements for 
toxic release and far field blast overpressure 
are provided in sections A417.27 and A417.29, 
respectively. 

(f) Land impact dispersion ellipses. A land 
impact hazard area must contain the land 
impact dispersion ellipse for each planned 
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land impact. A launch operator must com-
pute a land impact dispersion ellipse in the 
vicinity of each planned land impact loca-
tion as follows: 

(1) The analysis must calculate a one- 
sigma dispersion ellipse by determining the 
one-sigma impact limit around a planned im-
pact location. 

(2) Taking the one-sigma dispersion ellipse 
calculated as required by paragraph (f)(1) of 
this section, plot a co-centric ellipse in the 
xy plane where the major and minor axes are 
10nm longer than the major and minor axes 
of the one-sigma dispersion ellipse. 

APPENDIX C TO PART 417—FLIGHT SAFE-
TY ANALYSIS METHODOLOGIES AND 
PRODUCTS FOR AN UNGUIDED SUB-
ORBITAL LAUNCH VEHICLE FLOWN 
WITH A WIND WEIGHTING SAFETY 
SYSTEM 

C417.1 GENERAL 

(a) This appendix contains methodologies 
for performing the flight safety analysis re-
quired for the launch of an unguided sub-
orbital launch vehicle flown with a wind 
weighting safety system, except for the haz-
ard area analysis required by § 417.107, which 
is covered in appendix B of this part. This 
appendix includes methodologies for a tra-
jectory analysis, wind weighting analysis, 
debris analysis, debris risk analysis, and a 
collision avoidance analysis. 

(b) The requirements of this appendix 
apply to a launch operator and the launch 
operator’s flight safety analysis unless the 
launch operator clearly and convincingly 
demonstrates that an alternative approach 
provides an equivalent level of safety. 

(c) A launch operator must: 
(1) Perform a flight safety analysis to de-

termine the launch parameters and condi-
tions under which an unguided suborbital 
launch vehicle may be flown using a wind 
weighting safety system as required by 
§ 417.233. 

(2) When conducting the flight safety anal-
ysis, comply with the safety criteria and 
operational requirements contained in 
§ 417.125; and 

(3) Conduct the flight safety analysis for 
an unguided suborbital launch vehicle using 
the methodologies of this appendix and ap-
pendix B of this part unless the launch oper-
ator demonstrates, in accordance with 
§ 406.3(b), through the licensing process, that 
an alternate method provides an equivalent 
level of fidelity. 

C417.3 TRAJECTORY ANALYSIS 

(a) General. A launch operator must per-
form a trajectory analysis for the flight of 
an unguided suborbital launch vehicle to de-
termine: 

(1) The launch vehicle’s nominal trajec-
tory; 

(2) Each nominal drag impact point; and 
(3) Each potential three-sigma dispersion 

about each nominal drag impact point. 
(b) Definitions. A launch operator must em-

ploy the following definitions when deter-
mining an unguided suborbital launch vehi-
cle’s trajectory and drag impact points: 

(1) Drag impact point means the intersec-
tion of a predicted ballistic trajectory of an 
unguided suborbital launch vehicle stage or 
other impacting component with the Earth’s 
surface. A drag impact point reflects the ef-
fects of atmospheric influences as a function 
of drag forces and mach number. 

(2) Maximum range trajectory means an opti-
mized trajectory, extended through fuel ex-
haustion of each stage, to achieve a max-
imum downrange drag impact point. 

(3) Nominal trajectory means the trajectory 
that an unguided suborbital launch vehicle 
will fly if all rocket aerodynamic parameters 
are as expected without error, all rocket in-
ternal and external systems perform exactly 
as planned, and there are no external per-
turbing influences, such as winds, other than 
atmospheric drag and gravity. 

(4) Normal flight means all possible trajec-
tories of a properly performing unguided sub-
orbital launch vehicle whose drag impact 
point location does not deviate from its 
nominal location more than three sigma in 
each of the uprange, downrange, left 
crossrange, or right crossrange directions. 

(5) Performance error parameter means a 
quantifiable perturbing force that contrib-
utes to the dispersion of a drag impact point 
in the uprange, downrange, and cross-range 
directions of an unguided suborbital launch 
vehicle stage or other impacting launch ve-
hicle component. Performance error param-
eters for the launch of an unguided sub-
orbital launch vehicle reflect rocket per-
formance variations and any external forces 
that can cause offsets from the nominal tra-
jectory during normal flight. Performance 
error parameters include thrust, thrust mis-
alignment, specific impulse, weight, vari-
ation in firing times of the stages, fuel flow 
rates, contributions from the wind weighting 
safety system employed, and winds. 

(c) Input. A trajectory analysis requires 
the input necessary to produce a six-degree- 
of-freedom trajectory. A launch operator 
must use each of the following as inputs to 
the trajectory computations: 

(1) Launcher data, as follows— 
(i) Geodetic latitude and longitude; 
(ii) Height above sea level; 
(iii) All location errors; and 
(iv) Launch azimuth and elevation. 
(2) Reference ellipsoidal Earth model, as 

follows— 
(i) Name of the Earth model employed; 
(ii) Semi-major axis; 
(iii) Semi-minor axis; 
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(iv) Eccentricity; 
(v) Flattening parameter; 
(vi) Gravitational parameter; 
(vii) Rotation angular velocity; 
(viii) Gravitational harmonic constants; 

and 
(ix) Mass of the Earth. 
(3) Vehicle characteristics for each stage. A 

launch operator must identify the following 
for each stage of an unguided suborbital 
launch vehicle’s flight: 

(i) Nozzle exit area of each stage. 
(ii) Distance from the rocket nose-tip to 

the nozzle exit for each stage. 
(iii) Reference drag area and reference di-

ameter of the rocket including any payload 
for each stage of flight. 

(iv) Thrust as a function of time. 
(v) Propellant weight as a function of time. 
(vi) Coefficient of drag as a function of 

mach number. 
(vii) Distance from the rocket nose-tip to 

center of gravity as a function of time. 
(viii) Yaw moment of inertia as a function 

of time. 
(ix) Pitch moment of inertia as a function 

of time. 
(x) Pitch damping coefficient as a function 

of mach number. 
(xi) Aerodynamic damping coefficient as a 

function of mach number. 
(xii) Normal force coefficient as a function 

of mach number. 
(xiii) Distance from the rocket nose-tip to 

center of pressure as a function of mach 
number. 

(xiv) Axial force coefficient as a function 
of mach number. 

(xv) Roll rate as a function of time. 
(xvi) Gross mass of each stage. 
(xvii) Burnout mass of each stage. 
(xviii) Vacuum thrust. 
(xix) Vacuum specific impulse. 
(xx) Stage dimensions. 
(xxi) Weight of each spent stage. 
(xxii) Payload mass properties. 
(xxiii) Nominal launch elevation and azi-

muth. 
(4) Launch events. Each stage ignition 

times, each stage burn time, and each stage 
separation time, referenced to ignition time 
of first stage. 

(5) Atmosphere. Density as a function of al-
titude, pressure as a function of altitude, 
speed of sound as a function of altitude, tem-
perature as a function of altitude. 

(6) Wind errors. Error in measurement of 
wind direction as a function of altitude and 
wind magnitude as a function of altitude, 
wind forecast error, such as error due to 
time delay from wind measurement to 
launch. 

(d) Methodology for determining the nominal 
trajectory and nominal drag impact points. A 
launch operator must employ the steps in 
paragraphs (d)(1)–(d)(3) of this section to de-
termine the nominal trajectory and the 

nominal drag impact point locations for each 
impacting rocket stage and component: 

(1) A launch operator must identify each 
performance error parameter associated with 
the unguided suborbital launch vehicle’s de-
sign and operation and the value for each pa-
rameter that reflect nominal rocket per-
formance. A launch operator must identify 
each performance error parameter’s distribu-
tion to account for all launch vehicle per-
formance variations and any external forces 
that can cause offsets from the nominal tra-
jectory during normal flight. These perform-
ance error parameters include thrust mis-
alignment, thrust variation, weight vari-
ation, fin misalignment, impulse variation, 
aerodynamic drag variation, staging timing 
variation, stage separation-force variation, 
drag error, uncompensated wind, launcher 
elevation angle error, launcher azimuth 
angle error, launcher tip-off, and launcher 
location error. 

(2) A launch operator must perform a no- 
wind trajectory simulation using a six-de-
grees-of-freedom (6–DOF) trajectory simula-
tion with all performance error parameters 
set to their nominal values to determine the 
impact point of each stage or component. 
The 6–DOF trajectory simulation must pro-
vide rocket position translation along three 
axes of an orthogonal Earth-centered coordi-
nate system and rocket orientation in roll, 
pitch and yaw. The 6–DOF trajectory simula-
tion must compute each translation and ori-
entation in response to forces and moments 
internal and external to the rocket including 
all the effects of the input data required by 
paragraph (c) of this section. A launch oper-
ator may incorporate the following assump-
tions in a 6–DOF trajectory simulation: 

(i) The airframe may be treated as a rigid 
body. 

(ii) The airframe may have a plane of sym-
metry coinciding with the vertical plane of 
reference. 

(iii) The vehicle may have aerodynamic 
symmetry in roll. 

(iv) The airframe may have six degrees-of- 
freedom. 

(v) The aerodynamic forces and moments 
may be functions of mach number and may 
be linear with small flow incidence angles of 
attack. 

(3) A launch operator must tabulate the 
geodetic latitude and longitude of the launch 
vehicle’s nominal drag impact point as a 
function of trajectory time and the final 
nominal drag impact point of each planned 
impacting stage or component. 

(e) Methodology for determining maximum 
downrange drag impact points. A launch oper-
ator must compute the maximum possible 
downrange drag impact point for each launch 
vehicle stage and impacting component. A 
launch operator must use the nominal drag 
impact point methodology, as defined by 
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paragraph (d) of this section, modified to op-
timize the unguided suborbital launch vehi-
cle’s performance and flight profile to create 
the conditions for a maximum downrange 
drag impact point, including fuel exhaustion 
for each stage and impacting component. 

(f) Methodology for computing drag impact 
point dispersions. A launch operator must em-
ploy the steps in paragraphs (f)(1)–(f)(3) of 
this section when determining the disper-
sions in terms of drag impact point distance 
standard deviations in uprange, downrange, 
and crossrange direction from the nominal 
drag impact point location for each stage 
and impacting component: 

(1) For each stage of flight, a launch oper-
ator must identify the plus and minus one- 
sigma values for each performance error pa-
rameter identified as required by paragraph 
(d)(1) of this section (i.e., nominal value plus 
one standard deviation and nominal value 
minus one standard deviation). A launch op-
erator must determine the dispersion in 
downrange, uprange, and left and right 
crossrange for each impacting stage and 

component. A launch operator may either 
perform a Monte Carlo analysis that ac-
counts for the distribution of each perform-
ance error parameter or determine the dis-
persion by a root-sum-square method under 
paragraph (f)(2) of this section. 

(2) When using a root-sum-square method 
to determine dispersion, a launch operator 
must determine the deviations for a given 
stage by evaluating the deviations produced 
in that stage due to the performance errors 
in that stage and all preceding stages of the 
launch vehicle as illustrated in Table C417–1, 
and by computing the square root of the sum 
of the squares of each deviation caused by 
each performance error parameter’s one 
sigma dispersion for each stage in each of 
the right crossrange, left crossrange, 
uprange and downrange directions. A launch 
operator must evaluate the performance er-
rors for one stage at a time, with the per-
formance of all subsequent stages assumed 
to be nominal. A launch operator’s root-sum- 
square method must incorporate the fol-
lowing requirements: 

(i) With the 6-DOF trajectory simulation 
used to determine nominal drag impact 

points as required by paragraph (d) of this 
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section, perform a series of trajectory sim-
ulation runs for each stage and planned 
ejected debris, such as a fairing, payload, or 
other component, and, for each simulation, 
model only one performance error parameter 
set to either its plus or minus one-sigma 
value. For a given simulation run, set all 
other performance error parameters to their 
nominal values. Continue until achieving a 
trajectory simulation run for each plus one- 
sigma performance error parameter value 
and each minus one-sigma performance error 
parameter value for the stage or the planned 
ejected debris being evaluated. For each tra-
jectory simulation run and for each impact 
being evaluated, tabulate the downrange, 
uprange, left crossrange, and right 
crossrange drag impact point distance devi-
ations measured from the nominal drag im-
pact point location for that stage or planned 
debris. 

(ii) For uprange, downrange, right 
crossrange, and left crossrange, compute the 
square root of the sum of the squares of the 
distance deviations in each direction. The 
square root of the sum of the squares dis-
tance value for each direction represents the 
one-sigma drag impact point dispersion in 
that direction. For a multiple stage rocket, 
perform the first stage series of simulation 
runs with all subsequent stage performance 
error parameters set to their nominal value. 
Tabulate the uprange, downrange, right 
crossrange, and left crossrange distance devi-
ations from the nominal impact for each sub-
sequent drag impact point location caused 
by the first stage one-sigma performance 
error parameter. Use these deviations in de-
termining the total drag impact point dis-
persions for the subsequent stage impacts as 
described in paragraph (f)(2)(iii) of this sec-
tion. 

(iii) For each subsequent stage impact of 
an unguided suborbital launch vehicle, deter-
mine the one-sigma impact dispersions by 
first determining the one-sigma distance de-
viations for that stage impact caused by 
each preceding stage as described in para-
graph (f)(2)(ii) of this section. Then perform 
a series of simulation runs and tabulate the 
uprange, downrange, right crossrange, and 
left crossrange drag impact point distance 
deviations as described in paragraph (f)(2)(i) 
of this section for that stage’s one-sigma 
performance error parameter values with the 
preceding stage performance parameters set 
to nominal values. For each uprange, 
downrange, right crossrange, and left 
crossrange direction, compute the square 
root of the sum of the squares of the stage 
impact distance deviations due to that 
stage’s and each preceding stage’s one-sigma 
performance error parameter values. This 
square root of the sum of the squares dis-
tance value for each direction represents the 
total one-sigma drag impact point dispersion 
in that direction for the nominal drag im-

pact point location of that stage. Use these 
deviations when determining the total drag 
impact point dispersions for the subsequent 
stage impacts. 

(3) A launch operator must determine a 
three-sigma dispersion area for each impact-
ing stage or component as an ellipse that is 
centered at the nominal drag impact point 
location and has semi-major and semi-minor 
axes along the uprange, downrange, left 
crossrange, and right crossrange axes. The 
length of each axis must be three times as 
large as the total one-sigma drag impact 
point dispersions in each direction. 

(g) Trajectory analysis products for a sub-
orbital launch vehicle. A launch operator must 
file the following products of a trajectory 
analysis for an unguided suborbital launch 
vehicle with the FAA as required by 
§ 417.203(e): 

(1) A description of the process that the 
launch operator used for performing the tra-
jectory analysis, including the number of 
simulation runs and the process for any 
Monte Carlo analysis performed. 

(2) A description of all assumptions and 
procedures the launch operator used in deriv-
ing each of the performance error param-
eters and their standard deviations. 

(3) Launch point origin data: name, geo-
detic latitude (+N), longitude (+E), geodetic 
height, and launch azimuth measured clock-
wise from true north. 

(4) Name of reference ellipsoid Earth model 
used. If a launch operator employs a ref-
erence ellipsoid Earth model other than 
WGS–84, Department of Defense World Geo-
detic System, Military Standard 2401 (Jan. 
11, 1994), the launch operator must identify 
the semi-major axis, semi-minor axis, eccen-
tricity, flattening parameter, gravitational 
parameter, rotation angular velocity, gravi-
tational harmonic constants (e.g., J2, J3, J4), 
and mass of Earth. 

(5) If a launch operator converts latitude 
and longitude coordinates between different 
ellipsoidal Earth models to complete a tra-
jectory analysis, the launch operator must 
file the equations for geodetic datum conver-
sions and a sample calculation for con-
verting the geodetic latitude and longitude 
coordinates between the models employed. 

(6) A launch operator must file tabular 
data that lists each performance error pa-
rameter used in the trajectory computations 
and each performance error parameter’s plus 
and minus one-sigma values. If the launch 
operator employs a Monte Carlo analysis 
method for determining the dispersions 
about the nominal drag impact point, the 
tabular data must list the total one-sigma 
drag impact point distance deviations in 
each direction for each impacting stage and 
component. If the launch operator employs 
the square root of the sum of the squares 
method of paragraph (f)(2) of this section, 
the tabular data must include the one-sigma 
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drag impact point distance deviations in 
each direction due to each one-sigma per-
formance error parameter value for each im-
pacting stage and component. 

(7) A launch operator must file a graphical 
depiction showing geographical landmasses 
and the nominal and maximum range trajec-
tories from liftoff until impact of the final 
stage. The graphical depiction must plot tra-
jectory points in time intervals of no greater 
than one second during thrusting flight and 
for times corresponding to ignition, thrust 
termination or burnout, and separation of 
each stage or impacting body. If there are 
less than four seconds between stage separa-
tion or other jettison events, a launch oper-
ator must reduce the time intervals between 
plotted trajectory points to 0.2 seconds or 
less. The graphical depiction must show 
total launch vehicle velocity as a function of 
time, present-position ground-range as a 
function of time, altitude above the ref-
erence ellipsoid as a function of time, and 
the static stability margin as a function of 
time. 

(8) A launch operator must file tabular 
data that describes the nominal and max-
imum range trajectories from liftoff until 
impact of the final stage. The tabular data 
must include the time after liftoff, altitude 
above the reference ellipsoid, present posi-
tion ground range, and total launch vehicle 
velocity for ignition, burnout, separation, 
booster apogee, and booster impact of each 
stage or impacting body. The launch oper-
ator must file the tabular data for the same 
time intervals required by paragraph (g)(7) of 
this section. 

(9) A launch operator must file a graphical 
depiction showing all geographical 
landmasses and the unguided suborbital 
launch vehicle’s drag impact point for the 
nominal trajectory, the maximum impact 
range boundary, and the three-sigma drag 
impact point dispersion area for each im-
pacting stage or component. The graphical 
depiction must show the following in rela-
tionship to each other: The nominal trajec-
tory, a circle whose radius represents the 
range to the farthest downrange impact 
point that results from the maximum range 
trajectory, and the three-sigma drag impact 
point dispersions for each impacting stage 
and component. 

(10) A launch operator must file tabular 
data that describes the nominal trajectory, 
the maximum impact range boundary, and 
each three-sigma drag impact point disper-
sion area. The tabular data must include the 
geodetic latitude (positive north of the equa-
tor) and longitude (positive east of the 
Greenwich Meridian) of each point describ-
ing the nominal drag impact point positions, 
the maximum range circle, and each three- 
sigma impact dispersion area boundary. 
Each three-sigma dispersion area must be de-
scribed by no less than 20 coordinate pairs. 

All coordinates must be rounded to the 
fourth decimal point. 

C417.5 WIND WEIGHTING ANALYSIS 

(a) General. As part of a wind weighting 
safety system, a launch operator must per-
form a wind weighting analysis to determine 
launcher azimuth and elevation settings that 
correct for the windcocking and wind-drift 
effects on an unguided suborbital launch ve-
hicle due to forecasted winds in the airspace 
region of flight. A launch operator’s wind 
weighting safety system and its operation 
must comply with § 417.125(c). The launch 
azimuth and elevation settings resulting 
from a launch operator’s wind weighting 
analysis must produce a trajectory, under 
actual wind conditions, that results in a 
final stage drag impact point that is the 
same as the final stage’s nominal drag im-
pact point determined according to section 
C417.3(d). 

(b) Wind weighting analysis constraints. 
(1) A launch operator’s wind weighting 

analysis must: 
(i) Account for the winds in the airspace 

region through which the rocket will fly. A 
launch operator’s wind weighting safety sys-
tem must include an operational method of 
determining the wind direction and wind 
magnitude at all altitudes that the rocket 
will reach up to the maximum altitude de-
fined by dispersion analysis as required by 
section C417.3. 

(ii) Account for all errors due to the meth-
ods used to measure the winds in the air-
space region of the launch, delay associated 
with wind measurement, and the method 
used to model the effects of winds. The re-
sulting sum of these error components must 
be no greater than those used as the wind 
error dispersion parameter in the launch ve-
hicle trajectory analysis performed as re-
quired by section C417.3. 

(iii) Account for the dispersion of all im-
pacting debris, including any uncorrected 
wind error accounted for in the trajectory 
analysis performed as required by section 
C417.3. 

(iv) Establish flight commit criteria that 
are a function of the analysis and oper-
ational methods employed and reflect the 
maximum wind velocities and wind varia-
bility for which the results of the wind 
weighting analysis are valid. 

(v) Account for the wind effects during 
each thrusting phase of an unguided sub-
orbital launch vehicle’s flight and each bal-
listic phase of each rocket stage and compo-
nent until burnout of the last stage. 

(vi) Determine the impact point location 
for any parachute recovery of a stage or 
component or the launch operator must per-
form a wind drift analysis to determine the 
parachute impact point location. 

(2) A launch operator must perform a wind 
weighting analysis using a six-degrees-of- 
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freedom (6–DOF) trajectory simulation that 
targets an impact point using an iterative 
process. The 6–DOF simulation must account 
for launch day wind direction and wind mag-
nitude as a function of altitude. 

(3) A launch operator must perform a wind 
weighting analysis using a computer pro-
gram or other method of editing wind data, 
recording the time the data was obtained, 
and recording the balloon number or identi-
fication of any other measurement device 
used for each wind altitude layer. 

(c) Methodology for performing a wind 
weighting analysis. A launch operator’s meth-
od for performing a wind weighting analysis 
on the day of flight must account for the fol-
lowing: 

(1) A launch operator must measure the 
winds on the day of flight to determine wind 
velocity and direction. A launch operator’s 
process for measuring winds must provide 
wind data that is consistent with any as-
sumptions made in the launch operator’s tra-
jectory and drag impact point dispersion 
analysis, as required by section C417.3, re-
garding the actual wind data available on 
the day of flight. Wind measurements must 
be made at altitude increments such that the 
maximum correction between any two meas-
urements does not exceed 5%. Winds must be 
measured from the ground level at the 
launch point to a maximum altitude that is 
consistent with the launch operator’s drag 
impact point dispersion analysis. The max-
imum wind measurement altitude must be 
that necessary to account for 99% of the 
wind effect on the impact dispersion point. A 
launch operator’s wind measuring process 
must employ the use of balloons and radar 
tracking or balloons fitted with a Global Po-
sitioning System transceiver, and must ac-
count for the following: 

(i) Measure winds from ground level to an 
altitude of at least that necessary to account 
for 99% of the wind effect on the impact dis-
persion point within six hours before flight 
and after any weather front passes the 
launch site before liftoff. Repeat a wind 
measurement up to the maximum altitude 
whenever a wind measurement, for any given 
altitude, from a later balloon release is not 
consistent with a wind measurement, for the 
same altitude, from an earlier balloon re-
lease. 

(ii) Measure winds from ground level to an 
altitude of at least that necessary to account 
for 95% of the wind effect on the impact dis-
persion point within four hours before flight 
and after any weather front passes the 
launch site before liftoff. Repeat a wind 
measurement to the 95% wind effect altitude 
whenever a wind measurement, for any given 
altitude, from a later lower altitude balloon 
release is not consistent with the wind meas-
urement, for the same altitude, from the 95% 
wind effect altitude balloon release. 

(iii) Measure winds from ground level to an 
altitude of no less than that necessary to ac-
count for 80% of the wind effect on the im-
pact dispersion point twice within 30 min-
utes of liftoff. Use the first measurement to 
set launcher azimuth and elevation, and the 
second measurement to verify the first 
measurement data. 

(2) A launch operator must perform runs of 
the 6–DOF trajectory simulation using the 
flight day measured winds as input and tar-
geting for the nominal final stage drag im-
pact point. In an iterative process, vary the 
launcher elevation angle and azimuth angle 
settings for each simulation run until the 
nominal final stage impact point is achieved. 
The launch operator must use the resulting 
launcher elevation angle and azimuth angle 
settings to correct for the flight day winds. 
The launch operator must not initiate flight 
unless the launcher elevation angle and azi-
muth angle settings after wind weighting are 
in accordance with the following: 

(i) The launcher elevation angle setting re-
sulting from the wind weighting analysis 
must not exceed ± 5° from the nominal 
launcher elevation angle setting and must 
not exceed a total of 86° for a proven launch 
vehicle, and 84° for an unproven launch vehi-
cle. A launch operator’s nominal launcher 
elevation angle setting must be as required 
by § 417.125(c)(3). 

(ii) The launcher azimuth angle setting re-
sulting from the wind weighting analysis 
must not exceed +30° from the nominal 
launcher azimuth angle setting unless the 
launch operator demonstrates clearly and 
convincingly, through the licensing process, 
that its unguided suborbital launch vehicle 
has a low sensitivity to high wind speeds, 
and the launch operator’s wind weighting 
analysis and wind measuring process provide 
an equivalent level of safety. 

(3) Using the trajectory produced in para-
graph (c)(2) of this section, for each inter-
mediate stage and planned ejected compo-
nent, a launch operator must compute the 
impact point that results from wind drift by 
performing a run of the 6-DOF trajectory 
simulation with the launcher angles deter-
mined in paragraph (c)(2) of this section and 
the flight day winds from liftoff until the 
burnout time or ejection time of the stage or 
ejected component. The resulting impact 
point(s) must be accounted for when per-
forming flight day ship-hit operations de-
fined in section B417.11(c). 

(4) If a parachute is used for any stage or 
component, a launch operator must deter-
mine the wind drifted impact point of the 
stage or component using a trajectory sim-
ulation that incorporates modeling for the 
change in aerodynamics at parachute ejec-
tion. Perform this simulation run in addition 
to any simulation of spent stages without 
parachutes. 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00636 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



627 

Commercial Space Transportation, FAA, DOT Pt. 417, App. C 

(5) A launch operator must verify that the 
launcher elevation angle and azimuth angle 
settings at the time of liftoff are the same as 
required by the wind weighting analysis. 

(6) A launch operator must monitor and 
verify that any wind variations and max-
imum wind limits at the time of liftoff are 
within the flight commit criteria established 
according to § 417.113(c). 

(7) A launch operator must generate out-
put data from its wind weighting analysis for 
each impacting stage or component in print-
ed, plotted, or computer medium format. 
This data must include: 

(i) Launch day wind measurement data, in-
cluding magnitude and direction. 

(ii) The results of each computer run made 
using the launch day wind measurement 
data, including but not limited to, launcher 
settings, and impact locations for each stage 
or component. 

(iii) Final launcher settings recorded. 
(d) Wind weighting analysis products. The 

products of a launch operator’s wind 
weighting analysis filed with the FAA as re-
quired by § 417.203(e) must include the fol-
lowing: 

(1) A launch operator must file a descrip-
tion of its wind weighting analysis methods, 
including its method and schedule of deter-
mining wind speed and wind direction for 
each altitude layer. 

(2) A launch operator must file a descrip-
tion of its wind weighting safety system and 
identify all equipment used to perform the 
wind weighting analysis, such as any wind 
towers, balloons, or Global Positioning Sys-
tem wind measurement system employed 
and the type of trajectory simulation em-
ployed. 

(3) A launch operator must file a sample 
wind weighting analysis using actual or sta-
tistical winds for the launch area and pro-
vide samples of the output required by para-
graph (c)(7) of this section. 

C417.7 DEBRIS ANALYSIS 

(a) General. A flight safety analysis must 
include a debris analysis that satisfies the 
requirements of § 417.211. This section applies 
to the debris data required by § 417.211 and 
the debris analysis products that a launch 
operator must file with the FAA as required 
by § 417.203(e). 

(b) Debris analysis constraints. A debris 
analysis must produce the debris model de-
scribed in paragraph (c) of this section. The 
analysis must account for all launch vehicle 
debris fragments, individually or in 
groupings of fragments called classes. The 
characteristics of each debris fragment rep-
resented by a class must be similar enough 
to the characteristics of all the other debris 
fragments represented by that class that all 
the debris fragments of the class can be de-
scribed by a single set of characteristics. 
Paragraph (c)(10) of this section applies when 

establishing a debris class. A debris model 
must describe the physical, aerodynamic, 
and harmful characteristics of each debris 
fragment either individually or as a member 
of a class. A debris model must consist of 
lists of individual debris or debris classes for 
each cause of breakup and any planned jet-
tison of debris, launch vehicle components, 
or payload. A debris analysis must account 
for: 

(1) Debris due to any malfunction where 
forces on the launch vehicle may exceed the 
launch vehicle’s structural integrity limits. 

(2) The immediate post-breakup or jettison 
environment of the launch vehicle debris, 
and any change in debris characteristics over 
time from launch vehicle breakup or jettison 
until debris impact. 

(3) The impact overpressure, fragmenta-
tion, and secondary debris effects of any con-
fined or unconfined solid propellant chunks 
and fueled components containing either liq-
uid or solid propellants that could survive to 
impact, as a function of vehicle malfunction 
time. 

(4) The effects of impact of the intact vehi-
cle as a function of failure time. The intact 
impact debris analysis must identify the tri-
nitrotoluene (TNT) yield of impact explo-
sions, and the numbers of fragments pro-
jected from all such explosions, including 
non-launch vehicle ejecta and the blast over-
pressure radius. The analysis must use a 
model for TNT yield of impact explosion that 
accounts for the propellant weight at im-
pact, the impact speed, the orientation of 
the propellant, and the impacted surface ma-
terial. 

(c) Debris model. A debris analysis must 
produce a model of the debris resulting from 
planned jettison and from unplanned break-
up of a launch vehicle for use as input to 
other analyses, such as establishing hazard 
areas and performing debris risk and toxic 
analyses. A launch operator’s debris model 
must satisfy the following: 

(1) Debris fragments. A debris model must 
provide the debris fragment data required by 
this section for the launch vehicle flight 
from the planned ignition time until thrust 
termination of the last thrusting stage. A 
debris model must provide debris fragment 
data for the number of time periods suffi-
cient to meet the requirements for smooth 
and continuous contours used to define haz-
ard areas as required by appendix B of this 
part. 

(2) Inert fragments. A debris model must 
identify all inert fragments that are not 
volatile and that do not burn or explode 
under normal and malfunction conditions. A 
debris model must identify all inert frag-
ments for each breakup time during flight 
corresponding to a critical event when the 
fragment catalog is significantly changed by 
the event. Critical events include staging, 
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payload fairing jettison, and other normal 
hardware jettison activities. 

(3) Explosive and non-explosive propellant 
fragments. A debris model must identify all 
propellant fragments that are explosive or 
non-explosive upon impact. The debris model 
must describe each propellant fragment as a 
function of time, from the time of breakup 
through ballistic free-fall to impact. The de-
bris model must describe the characteristics 
of each fragment, including its origin on the 
launch vehicle, representative dimensions 
and weight at the time of breakup and at the 
time of impact. For any fragment identified 
as an un-contained or contained propellant 
fragment, whether explosive or non-explo-
sive, the debris model must identify whether 
or not it burns during free fall, and provide 
the consumption rate during free fall. The 
debris model must identify: 

(i) Solid propellant that is exposed directly 
to the atmosphere and that burns but does 
not explode upon impact as ‘‘un-contained 
non-explosive solid propellant.’’ 

(ii) Solid or liquid propellant that is en-
closed in a container, such as a motor case 
or pressure vessel, and that burns but does 
not explode upon impact as ‘‘contained non- 
explosive propellant.’’ 

(iii) Solid or liquid propellant that is en-
closed in a container, such as a motor case 
or pressure vessel, and that explodes upon 
impact as ‘‘contained explosive propellant 
fragment.’’ 

(iv) Solid propellant that is exposed di-
rectly to the atmosphere and that explodes 
upon impact as ‘‘un-contained explosive 
solid propellant fragment.’’ 

(4) Other non-inert debris fragments. In addi-
tion to the explosive and flammable frag-
ments identified under paragraph (c)(3) of 
this section, a debris model must identify 
any other non-inert debris fragments, such 
as toxic or radioactive fragments, that 
present any other hazards to the public. 

(5) Fragment weight. At each modeled 
breakup time, the individual fragment 
weights must approximately add up to the 
sum total weight of inert material in the ve-
hicle and the weight of contained liquid pro-
pellants and solid propellants that are not 
consumed in the initial breakup or con-
flagration. 

(6) Fragment imparted velocity. A debris 
model must identify the maximum velocity 
imparted to each fragment due to potential 
explosion or pressure rupture. When account-
ing for imparted velocity, a debris model 
must: 

(i) Use a Maxwellian distribution with the 
specified maximum value equal to the 97th 
percentile; or 

(ii) Identify the distribution, and state 
whether or not the specified maximum value 
is a fixed value with no uncertainty. 

(7) Fragment projected area. A debris model 
must include each of the axial, transverse, 

and mean tumbling areas of each fragment. 
If the fragment may stabilize under normal 
or malfunction conditions, the debris model 
must also provide the projected area normal 
to the drag force. 

(8) Fragment ballistic coefficient. A debris 
model must include the axial, transverse, 
and tumble orientation ballistic coefficient 
for each fragment’s projected area as re-
quired by paragraph (c)(7) of this section. 

(9) Debris fragment count. A debris model 
must include the total number of each type 
of fragment required by paragraphs (c)(2), 
(c)(3), and (c)(4) of this section and created 
by a malfunction. 

(10) Fragment classes. A debris model must 
categorize malfunction debris fragments into 
classes where the characteristics of the mean 
fragment in each class conservatively rep-
resent every fragment in the class. The 
model must define fragment classes for frag-
ments whose characteristics are similar 
enough to be described and treated by a sin-
gle average set of characteristics. A debris 
class must categorize debris by each of the 
following characteristics, and may include 
any other useful characteristics: 

(i) The type of fragment, defined by para-
graphs (c)(2), (c)(3), and (c)(4) of this section. 
All fragments within a class must be the 
same type, such as inert or explosive. 

(ii) Debris subsonic ballistic coefficient 
(bsub). The difference between the smallest 
log10(bsub) value and the largest log10(bsub) 
value in a class must not exceed 0.5, except 
for fragments with bsub less than or equal to 
three. Fragments with bsub less than or equal 
to three may be grouped within a class. 

(iii) Breakup-imparted velocity (DV). A de-
bris model must categorize fragments as a 
function of the range of DV for the fragments 
within a class and the class’s median sub-
sonic ballistic coefficient. For each class, the 
debris model must keep the ratio of the max-
imum breakup-imparted velocity (DVmax) to 
minimum breakup-imparted velocity (DVmin) 
within the following bound: 

Δ
Δ

V
V sub

max

min ’
<

+ ( )
5

2  log10 β
Where: 

b′sub is the median subsonic ballistic coeffi-
cient for the fragments in a class. 

(d) Debris analysis products. The products of 
a debris analysis that a launch operator 
must file with the FAA as required by 
§ 417.203(e) must include: 

(1) Debris model. The launch operator’s de-
bris model that satisfies the requirements of 
this section. 

(2) Fragment description. A description of 
the fragments contained in the launch opera-
tor’s debris model. The description must 
identify the fragment as a launch vehicle 
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part or component, describe its shape, rep-
resentative dimensions, and may include 
drawings of the fragment. 

(3) Intact impact TNT yield. For an intact 
impact of a launch vehicle, for each failure 
time, a launch operator must identify the 
TNT yield of each impact explosion and blast 
overpressure hazard radius. 

(4) Fragment class data. The class name, the 
range of values for each parameter used to 
categorize fragments within a fragment 
class, and the number of fragments in any 
fragment class established as required by 
paragraph (c)(10) of this section. 

(5) Ballistic coefficient. The mean ballistic 
coefficient (b) and plus and minus three- 
sigma values of the b for each fragment 
class. A launch operator must provide graphs 
of the coefficient of drag (Cd) as a function of 
Mach number for the nominal and three- 
sigma b variations for each fragment shape. 
The launch operator must label each graph 
with the shape represented by the curve and 
reference area used to develop the curve. A 
launch operator must provide a Cd vs. Mach 
curve for any axial, transverse, and tumble 
orientations for any fragment that will not 
stabilize during free-fall conditions. For any 
fragment that may stabilize during free-fall, 
a launch operator must provide Cd vs. Mach 
curves for the stability angle of attack. If 
the angle of attack where the fragment sta-
bilizes is other than zero degrees, a launch 
operator must provide both the coefficient of 
lift (CL) vs. Mach number and the Cd vs. Mach 
number curves. The launch operator must 
provide the equations for each Cd vs. Mach 
curve. 

(6) Pre-flight propellant weight. The initial 
preflight weight of solid and liquid propel-
lant for each launch vehicle component that 
contains solid or liquid propellant. 

(7) Normal propellant consumption. The 
nominal and plus and minus three-sigma 
solid and liquid propellant consumption rate, 
and pre-malfunction consumption rate for 
each component that contains solid or liquid 
propellant. 

(8) Fragment weight. The mean and plus and 
minus three-sigma weight of each fragment 
or fragment class. 

(9) Projected area. The mean and plus and 
minus three-sigma axial, transverse, and 
tumbling areas for each fragment or frag-
ment class. This information is not required 
for those fragment classes classified as burn-
ing propellant classes under section 
A417.25(b)(8). 

(10) Imparted velocities. The maximum in-
cremental velocity imparted to each frag-
ment class created by explosive or over-
pressure loads at breakup. The launch oper-
ator must identify the velocity distribution 
as Maxwellian or must define the distribu-
tion, including whether or not the specified 
maximum value is a fixed value with no un-
certainty. 

(11) Fragment type. The fragment type for 
each fragment established as required by 
paragraphs (c)(2), (c)(3), and (c)(4) of this sec-
tion. 

(12) Origin. The part of the launch vehicle 
from which each fragment originated. 

(13) Burning propellant classes. The propel-
lant consumption rate for those fragments 
that burn during free-fall. 

(14) Contained propellant fragments, explosive 
or non-explosive. For contained propellant 
fragments, whether explosive or non-explo-
sive, a launch operator must provide the ini-
tial weight of contained propellant and the 
consumption rate during free-fall. The ini-
tial weight of the propellant in a contained 
propellant fragment is the weight of the pro-
pellant before any of the propellant is con-
sumed by normal vehicle operation or failure 
of the launch vehicle. 

(15) Solid propellant fragment snuff-out pres-
sure. The ambient pressure and the pressure 
at the surface of a solid propellant fragment, 
in pounds per square inch, required to sus-
tain a solid propellant fragment’s combus-
tion during free-fall. 

(16) Other non-inert debris fragments. For 
each non-inert debris fragment identified as 
required by paragraph (c)(4) of this section, a 
launch operator must describe the diffusion, 
dispersion, deposition, radiation, and other 
hazard exposure characteristics used to de-
termine the effective casualty area required 
by paragraph (c)(9) of this section. 

(17) Residual thrust dispersion. For each 
thrusting or non-thrusting stage having re-
sidual thrust capability following a launch 
vehicle malfunction, a launch operator must 
provide either the total residual impulse im-
parted or the full-residual thrust in foot- 
pounds as a function of breakup time. For 
any stage not capable of thrust after a 
launch vehicle malfunction, a launch oper-
ator must provide the conditions under 
which the stage is no longer capable of 
thrust. For each stage that can be ignited as 
a result of a launch vehicle malfunction on a 
lower stage, a launch operator must identify 
the effects and duration of the potential 
thrust, and the maximum deviation of the 
instantaneous impact point which can be 
brought about by the thrust. 

C417.9 DEBRIS RISK 

(a) General. A launch operator must per-
form a debris risk analysis that satisfies the 
requirements of § 417.225. This section applies 
to the computation of the average number of 
casualties (Ec) to the collective members of 
the public exposed to inert and explosive de-
bris hazards from the proposed flight of an 
unguided suborbital launch vehicle as re-
quired by § 417.225 and to the analysis prod-
ucts that the launch operator must file with 
the FAA as required by § 417.203(e). 

(b) Debris risk analysis constraints. The fol-
lowing constraints apply to debris risk: 
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(1) A debris risk analysis must use valid 
risk analysis models that compute Ec as the 
summation over all trajectory time intervals 
from lift-off through impact of the products 
of the probability of each possible event and 
the casualty consequences due to debris im-
pacts for each possible event. 

(2) A debris risk analysis must account for 
the following populations: 

(i) The overflight of populations located in-
side any flight hazard area. 

(ii) All populations located within five- 
sigma left and right crossrange of a nominal 
trajectory instantaneous impact point 
ground trace and within five-sigma of each 
planned nominal debris impact. 

(3) A debris risk analysis must account for 
both inert and explosive debris hazards pro-
duced from any impacting debris caused by 
normal and malfunctioning launch vehicle 
flight. The analysis must account for the de-
bris classes determined by the debris anal-
ysis required by section A417.11. A debris 
risk analysis must account for any inert de-
bris impact with mean expected kinetic en-
ergy at impact greater than or equal to 11 ft- 
lbs and peak incident overpressure of greater 
than or equal to 1.0 psi due to any explosive 
debris impact. The analysis must account for 
all debris hazards as a function of flight 
time. 

(4) A debris risk analysis must account for 
debris impact points and dispersion for each 
class of debris in accordance with the fol-
lowing: 

(i) A debris risk analysis must account for 
drag corrected impact points and dispersions 
for each class of impacting debris resulting 
from normal and malfunctioning launch ve-
hicle flight as a function of trajectory time 
from lift-off through final impact. 

(ii) The dispersion for each debris class 
must account for the position and velocity 
state vector dispersions at breakup, the vari-
ance produced by breakup imparted veloci-
ties, the effects of winds on both the ascent 
trajectory state vector at breakup and the 
descending debris piece impact location, the 
variance produced by aerodynamic prop-
erties for each debris class, and any other 
dispersion variances. 

(iii) A debris risk analysis must account 
for the survivability of debris fragments that 
are subject to reentry aerodynamic forces or 
heating. A debris class may be eliminated 
from the debris risk analysis if the launch 
operator demonstrates that the debris will 
not survive to impact. 

(5) A debris risk analysis must account for 
launch vehicle failure probability. The fol-
lowing constraints apply: 

(i) For flight safety analysis purposes, a 
failure occurs when a vehicle does not com-
plete any phase of normal flight or exhibits 
the potential for the stage or its debris to 
impact the Earth or reenter the atmosphere 

during the mission or any future mission of 
similar vehicle capability. Also, either a 
launch incident or launch accident con-
stitutes a failure. 

(ii) For a launch vehicle with fewer than 2 
flights completed, the analysis must use a 
reference value for the launch vehicle failure 
probability estimate equal to the upper limit 
of the 60% two-sided confidence limits of the 
binomial distribution for outcomes of all 
previous launches of vehicles developed and 
launched in similar circumstances. The FAA 
may adjust the failure probability estimate 
to account for the level of experience dem-
onstrated by the launch operator and other 
factors that affects the probability of fail-
ure. The FAA may adjust the failure prob-
ability estimate for the second launch based 
on evidence obtained from the first flight of 
the vehicle. 

(iii) For a launch vehicle with at least 2 
flights completed, the analysis must use the 
reference value for the launch vehicle failure 
probability of Table C417–2 based on the out-
comes of all previous launches of the vehicle. 
The FAA may adjust the failure probability 
estimate to account for evidence obtained 
from the flight history of the vehicle. Fail-
ure probability estimate adjustments to the 
reference value may account for the nature 
of launch outcomes in the flight history of 
the vehicle, corrective actions taken in re-
sponse to a failure of the vehicle, or other 
vehicle modifications that may affect reli-
ability. The FAA may adjust the failure 
probability estimate to account for the dem-
onstrated quality of the engineering ap-
proach to launch vehicle processing. The 
analysis must use a final failure estimate 
within the confidence limits of Table C417–2. 

(A) Values listed on the far left of Table 
C417–2 apply when no launch failures are ex-
perienced. Values on the far right apply 
when only launch failures are experienced. 
Values in between apply for flight histories 
that include both failures and successes. 

(B) Reference values in Table C417–2 are 
shown in bold. The reference values are the 
median values between 60% two-sided con-
fidence limits of the binomial distribution. 
For the special cases of zero or N failures in 
N launch attempts, the reference values may 
also be recognized as the median value be-
tween the 80% one-sided confidence limit of 
the binomial distribution and zero or one, re-
spectively. 

(C) Upper and lower confidence bounds in 
Table C417–2 are shown directly above and 
below each reference value. These confidence 
bounds are based on 60% two-sided con-
fidence limits of the binomial distribution. 
For the special cases of zero or N failures in 
N launch attempts, the upper and lower con-
fidence bounds are based on the 80% one- 
sided confidence limit, respectively. 
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(6) A debris risk analysis must account for 
the dwell time of the instantaneous impact 
point ground trace over each populated or 
protected area being evaluated. 

(7) A debris risk analysis must account for 
the three-sigma instantaneous impact point 
trajectory variations in left-crossrange, 
right-crossrange, uprange, and downrange as 
a function of trajectory time, due to launch 
vehicle performance variations as deter-
mined by the trajectory analysis performed 
as required by section C417.3. 

(8) A debris risk analysis must account for 
the effective casualty area as a function of 
launch vehicle flight time for all impacting 
debris generated from a catastrophic launch 
vehicle malfunction event or a planned im-
pact event. The effective casualty area must: 

(i) Account for both payload and vehicle 
systems and subsystems debris; 

(ii) Account for all debris fragments deter-
mined as part of a launch operator’s debris 
analysis as required by section A417.11; 

(iii) For each explosive debris fragment, 
account for a 1.0 psi blast overpressure ra-
dius and the projected debris effects for all 
potentially explosive debris; and 

(iv) For each inert debris fragment, ac-
count for bounce, skip, slide, and splatter ef-
fects; or equal seven times the maximum 
projected area of the fragment. 

(9) A debris risk analysis must account for 
current population density data obtained 
from a current population database for the 
region being evaluated or by estimating the 
current population using exponential popu-

lation growth rate equations applied to the 
most current historical data available. The 
population model must define population 
centers that are similar enough to be de-
scribed and treated as a single average set of 
characteristics without degrading the accu-
racy of the debris risk estimate. 

(c) Debris risk analysis products. The prod-
ucts of a debris risk analysis that a launch 
operator must file with the FAA must in-
clude: 

(1) A debris risk analysis report that pro-
vides the analysis input data, probabilistic 
risk determination methods, sample com-
putations, and text or graphical charts that 
characterize the public risk to geographical 
areas for each launch. 

(2) Geographic data showing: 
(i) The launch vehicle nominal, five-sigma 

left-crossrange and five-sigma right- 
crossrange instantaneous impact point 
ground traces; 

(ii) All exclusion zones relative to the in-
stantaneous impact point ground traces; and 

(iii) All populated areas included in the de-
bris risk analysis. 

(3) A discussion of each launch vehicle fail-
ure scenario accounted for in the analysis 
and the probability of occurrence, which 
may vary with flight time, for each failure 
scenario. This information must include fail-
ure scenarios where a launch vehicle: 

(i) Flies within normal limits until some 
malfunction causes spontaneous breakup; 
and 

(ii) Experiences malfunction turns. 
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(4) A population model applicable to the 
launch overflight regions that contains the 
following: Region identification, location of 
the center of each population center by geo-
detic latitude and longitude, total area, 
number of persons in each population center, 
and a description of the shelter characteris-
tics within the population center. 

(5) A description of the launch vehicle, in-
cluding general information concerning the 
nature and purpose of the launch and an 
overview of the launch vehicle, including a 
scaled diagram of the general arrangement 
and dimensions of the vehicle. A launch op-
erator’s debris risk analysis products may 
reference other documentation filed with the 
FAA containing this information. The de-
scription must include: 

(i) Weights and dimensions of each stage. 
(ii) Weights and dimensions of any booster 

motors attached. 
(iii) The types of fuel used in each stage 

and booster. 
(iv) Weights and dimensions of all 

interstage adapters and skirts. 
(v) Payload dimensions, materials, con-

struction, and any payload fuel; payload fair-
ing construction, materials, and dimensions; 
and any non-inert components or materials 
that add to the effective casualty area of the 
debris, such as radioactive or toxic materials 
or high-pressure vessels. 

(6) A typical sequence of events showing 
times of ignition, cutoff, burnout, and jet-
tison of each stage, firing of any ullage rock-
ets, and starting and ending times of coast 
periods and control modes. 

(7) The following information for each 
launch vehicle motor: 

(i) Propellant type and composition; 
(ii) Vacuum thrust profile; 
(iii) Propellant weight and total motor 

weight as a function of time; 
(iv) A description of each nozzle and steer-

ing mechanism; 
(v) For solid rocket motors, internal pres-

sure and average propellant thickness, or 
borehole radius, as a function of time; 

(vi) Burn rate; and 
(vii) Nozzle exit and entrance areas. 
(8) The launch vehicle’s launch and failure 

history, including a summary of past vehicle 
performance. For a new vehicle with little or 
no flight history, a launch operator must 
provide all known data on similar vehicles 
that include: 

(i) Identification of the launches that have 
occurred; 

(ii) Launch date, location, and direction of 
each launch; 

(iii) The number of launches that per-
formed normally; 

(iv) Behavior and impact location of each 
abnormal experience; 

(v) The time, altitude, and nature of each 
malfunction; and 

(vi) Descriptions of corrective actions 
taken, including changes in vehicle design, 
flight termination, and guidance and control 
hardware and software. 

(9) The values of probability of impact (PI) 
and expected casualty (Ec) for each popu-
lated area. 

C417.11 COLLISION AVOIDANCE 

(a) General. A flight safety analysis must 
include a collision avoidance analysis that 
satisfies the requirements of § 417.231. This 
section applies to a launch operator obtain-
ing a collision avoidance assessment from 
United States Strategic Command as re-
quired by § 417.231 and to the analysis prod-
ucts that the launch operator must file with 
the FAA as required by § 417.203(e). United 
States Strategic Command refers to a colli-
sion avoidance analysis for a space launch as 
a conjunction on launch assessment. 

(b) Analysis not required. A collision avoid-
ance analysis is not required if the maximum 
altitude attainable by the launch operator’s 
unguided suborbital launch vehicle is less 
than the altitude of the lowest manned or 
mannable orbiting object. The maximum al-
titude attainable means an optimized trajec-
tory, assuming 3-sigma maximum perform-
ance, extended through fuel exhaustion of 
each stage, to achieve a maximum altitude. 

(c) Analysis constraints. A launch operator 
must satisfy the following when obtaining 
and implementing the results of a collision 
avoidance analysis: 

(1) A launch operator must provide United 
States Strategic Command with the launch 
window and trajectory data needed to per-
form a collision avoidance analysis for a 
launch as required by paragraph (d) of this 
section, at least 15 days before the first at-
tempt at flight. The FAA will identify a 
launch operator to United States Strategic 
Command as part of issuing a license and 
provide a launch operator with current 
United States Strategic Command contact 
information. 

(2) A launch operator must obtain a colli-
sion avoidance analysis performed by United 
States Strategic Command 6 hours before 
the beginning of a launch window. 

(3) A launch operator may use a collision 
avoidance analysis for 12 hours from the 
time that United States Strategic Command 
determines the state vectors of the manned 
or mannable orbiting objects. If a launch op-
erator needs an updated collision avoidance 
analysis due to a launch delay, the launch 
operator must file the request with United 
States Strategic Command at least 12 hours 
prior to the beginning of the new launch win-
dow. 

(4) For every 90 minutes, or portion of 90 
minutes, that pass between the time United 
States Strategic Command last determined 
the state vectors of the orbiting objects, a 
launch operator must expand each wait in a 
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launch window by subtracting 15 seconds 
from the start of the wait in the launch win-
dow and adding 15 seconds to the end of the 
wait in the launch window. A launch oper-
ator must incorporate all the resulting waits 
in the launch window into its flight commit 
criteria established as required by § 417.113. 

(d) Information required. A launch operator 
must prepare a collision avoidance analysis 
worksheet for each launch using a standard-
ized format that contains the input data re-
quired by this paragraph. A launch operator 
must file the input data with United States 
Strategic Command for the purposes of com-
pleting a collision avoidance analysis. 

(1) Launch information. A launch operator 
must file the following launch information: 

(i) Mission name. A mnemonic given to the 
launch vehicle/payload combination identi-
fying the launch mission from all others. 

(ii) Segment number. A segment is defined 
as a launch vehicle stage or payload after 
the thrusting portion of its flight has ended. 
This includes the jettison or deployment of 
any stage or payload. A launch operator 
must provide a separate worksheet for each 
segment. For each segment, a launch oper-
ator must determine the ‘‘vector at injec-
tion’’ as defined by paragraph (d)(5) of this 
section. The data must present each segment 
number as a sequence number relative to the 
total number of segments for a launch, such 
as ‘‘1 of 5.’’ 

(iii) Launch window. The launch window 
opening and closing times in Greenwich 
Mean Time (referred to as ZULU time) and 
the Julian dates for each scheduled launch 
attempt. 

(2) Point of contact. The person or office 
within a launch operator’s organization that 
collects, analyzes, and distributes collision 
avoidance analysis results. 

(3) Collision avoidance analysis results trans-
mission medium. A launch operator must iden-
tify the transmission medium, such as voice, 
FAX, or e-mail, for receiving results from 
United States Strategic Command. 

(4) Requestor launch operator needs. A 
launch operator must indicate the types of 
analysis output formats required for estab-
lishing flight commit criteria for a launch: 

(i) Waits. All the times within the launch 
window during which flight must not be ini-
tiated. 

(ii) Windows. All the times within an over-
all launch window during which flight may 
be initiated. 

(5) Vector at injection. A launch operator 
must identify the vector at injection for 
each segment. ‘‘Vector at injection’’ identi-
fies the position and velocity of all orbital or 
suborbital segments after the thrust for a 
segment has ended. 

(i) Epoch. The epoch time, in Greenwich 
Mean Time (GMT), of the expected launch 
vehicle liftoff time. 

(ii) Position and velocity. The position co-
ordinates in the EFG coordinate system 
measured in kilometers and the EFG compo-
nents measured in kilometers per second, of 
each launch vehicle stage or payload after 
any burnout, jettison, or deployment. 

(6) Time of powered flight. The elapsed time 
in seconds, from liftoff to arrival at the 
launch vehicle vector at injection. The input 
data must include the time of powered flight 
for each stage or jettisoned component 
measured from liftoff. 

(7) Time span for launch window file (LWF). 
A launch operator must provide the fol-
lowing information regarding its launch win-
dow: 

(i) Launch window. The launch window 
measured in minutes from the initial pro-
posed liftoff time. 

(ii) Time of powered flight. The time pro-
vided as required by paragraph (d)(6) of this 
section measured in minutes rounded up to 
the nearest integer minute. 

(iii) Screen duration. The time duration, 
after all thrusting periods of flight have 
ended, that a collision avoidance analysis 
must screen for potential conjunctions with 
manned or mannable orbital objects. Screen 
duration is measured in minutes. 

(iv) Extra pad. An additional period of time 
for collision avoidance analysis screening to 
ensure the entire trajectory time is screened 
for potential conjunctions with manned or 
mannable orbital objects. This time must be 
10 minutes unless otherwise specified by 
United States Strategic Command. 

(v) Total. The summation total of the time 
spans provided as required by paragraphs 
(d)(7)(i) through (d)(7)(iv) expressed in min-
utes. 

(8) Screening. A launch operator must se-
lect spherical or ellipsoidal screening as de-
fined in this paragraph for determining any 
conjunction. The default must be the spher-
ical screening method using an avoidance ra-
dius of 200 kilometers for manned or 
mannable orbiting objects. If the launch op-
erator requests screening for any unmanned 
or unmannable objects, the default must be 
the spherical screening method using a miss- 
distance of 25 kilometers. 

(i) Spherical screening. Spherical screening 
utilizes an impact exclusion sphere centered 
on each orbiting object’s center-of-mass to 
determine any conjunction. A launch oper-
ator must specify the avoidance radius for 
manned or mannable objects and for any un-
manned or unmannable objects if the launch 
operator elects to perform the analysis for 
unmanned or unmannable objects. 

(ii) Ellipsoidal screening. Ellipsoidal screen-
ing utilizes an impact exclusion ellipsoid of 
revolution centered on the orbiting object’s 
center-of-mass to determine any conjunc-
tion. A launch operator must provide input 
in the UVW coordinate system in kilometers. 
The launch operator must provide delta-U 
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measured in the radial-track direction, 
delta-V measured in the in-track direction, 
and delta-W measured in the cross-range di-
rection. 

(9) Deliverable schedule/need dates. A launch 
operator must identify the times before 
flight, referred to as ‘‘L-times,’’ for which 
the launch operator requests a collision 
avoidance analysis. 

(e) Collision avoidance assessment products. A 
launch operator must file its collision avoid-
ance analysis products as required by 
§ 417.203(e) and must include the input data 
required by paragraph (d) of this section. A 
launch operator must incorporate the result 
of the collision avoidance analysis into its 
flight commit criteria established as re-
quired by § 417.113. 

APPENDIX D TO PART 417—FLIGHT TER-
MINATION SYSTEMS, COMPONENTS, 
INSTALLATION, AND MONITORING 

D417.1 GENERAL 

This appendix applies to each flight termi-
nation system and the components that 
make up the system for each launch. Section 
417.301 requires that a launch operator’s 
flight safety system include a flight termi-
nation system that complies with this ap-
pendix. Section 417.301 also contains require-
ments that apply to a launch operator’s dem-
onstration of compliance with the require-
ments of this appendix. 

D417.3 FLIGHT TERMINATION SYSTEM 
FUNCTIONAL REQUIREMENTS 

(a) When a flight safety system terminates 
the flight of a vehicle because it has either 
violated a flight safety rule as defined in 
§ 417.113 or the vehicle inadvertently sepa-
rates or destructs as described in section 
D417.11, a flight termination system must: 

(1) Render each propulsion system that has 
the capability of reaching a populated or 
other protected area, incapable of propul-
sion, without significant lateral or longitu-
dinal deviation in the impact point. This in-
cludes each stage and any strap on motor or 
propulsion system that is part of any pay-
load; 

(2) Terminate the flight of any inadvert-
ently or prematurely separated propulsion 
system capable of reaching a populated or 
other protected area; 

(3) Destroy the pressure integrity of any 
solid propellant system to terminate all 
thrust or ensure that any residual thrust 
causes the propulsion system to tumble 
without significant lateral or longitudinal 
deviation in the impact point; and 

(4) Disperse any liquid propellant, whether 
by rupturing the propellant tank or other 
equivalent method, and initiate burning of 
any toxic liquid propellant. 

(b) A flight termination system must not 
cause any solid or liquid propellant to deto-
nate. 

(c) The flight termination of a propulsion 
system must not interfere with the flight 
termination of any other propulsion system. 

D417.5 FLIGHT TERMINATION SYSTEM DESIGN 

(a) Reliability prediction. A flight termi-
nation system must have a predicted reli-
ability of 0.999 at a confidence level of 95 per-
cent. A launch operator must demonstrate 
the system’s predicted reliability by satis-
fying the requirements for system reliability 
analysis of § 417.309(b). 

(b) Single fault tolerance. A flight termi-
nation system, including monitoring and 
checkout circuits, must not have a single 
failure point that would: 

(1) Inhibit functioning of the system dur-
ing flight; or 

(2) Produce an inadvertent initiation of the 
system that would endanger the public. 

(c) Redundancy. A flight termination sys-
tem must use redundant components that 
are structurally, electrically, and mechani-
cally separated. Each redundant compo-
nent’s mounting on a launch vehicle, includ-
ing location or orientation, must ensure that 
any failure that will damage, destroy or oth-
erwise inhibit the operation of one redun-
dant component will not inhibit the oper-
ation of the other redundant component and 
will not inhibit functioning of the system. 
Each of the following exceptions applies: 

(1) Any linear shaped charge need not be 
redundant if it initiates at both ends, and 
the initiation source for one end is not the 
same as the initiation source for the other 
end; or 

(2) Any passive component such as an an-
tenna or radio frequency coupler need not be 
redundant if it satisfies the requirements of 
this appendix. 

(d) System independence. A flight termi-
nation system must operate independently of 
any other launch vehicle system. The failure 
of another launch vehicle system must not 
inhibit the functioning of a flight termi-
nation system. A flight termination system 
may share a component with another launch 
vehicle system, only if the launch operator 
demonstrates that sharing the component 
will not degrade the flight termination sys-
tem’s reliability. A flight termination sys-
tem may share a connection with another 
system if the connection must exist to sat-
isfy a flight termination system require-
ment, such as any connection needed to: 

(1) Accomplish flight termination system 
arming and safing; 

(2) Provide data to the telemetry system; 
or 

(3) Accomplish any engine shut-down. 
(e) Performance specifications for components 

and parts. Each flight termination system 
component and each part that can affect the 
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reliability of a flight termination component 
during flight must have written performance 
specifications that show, and contain the de-
tails of, how the component or part satisfies 
the requirements of this appendix. 

(f) Ability to test. A flight termination sys-
tem, including each component and associ-
ated ground support and monitoring equip-
ment, must satisfy the tests required by ap-
pendix E of this part. 

(g) Software safety critical functions. The re-
quirements of § 417.123 apply to any com-
puting system, software or firmware that is 
associated with a flight termination system 
and performs a software safety critical func-
tion as defined in § 417.123. 

(h) Component storage, operating, and service 
life. Each flight termination system compo-
nent must have a specified storage life, oper-
ating life, and service life and must satisfy 
all of the following: 

(1) Each component must satisfy all its 
performance specifications when subjected 
to the full length of its specified storage life, 
operating life, and service life; and 

(2) A component’s storage, operating, or 
service life must not expire before flight. A 
launch operator may extend an ordnance 
component’s service life by satisfying the 
service life extension tests of appendix E of 
this part. 

(i) Consistency of components. A launch op-
erator must ensure that each flight compo-
nent sample is manufactured using parts, 
materials, processes, quality controls, and 
procedures that are each consistent with the 
manufacture of each qualification test sam-
ple. 

D417.7 FLIGHT TERMINATION SYSTEM 
ENVIRONMENT SURVIVABILITY 

(a) General. A flight termination system, 
including all of its components, mounting 
hardware, cables, and wires, must each sat-
isfy all of their performance specifications 
when subjected to each maximum predicted 
operating and non-operating environment 
and environmental design margin required 
by this appendix. As an alternative to sub-
jecting the flight termination system to the 
maximum predicted environments and mar-
gin for each dynamic operating environment, 
such as vibration or shock, a flight termi-
nation system need only satisfy all its per-
formance specifications when subjected to an 
environmental level greater than the level 
that would cause structural breakup of the 
launch vehicle. 

(b) Maximum predicted environments. A 
launch operator must determine all max-
imum predicted non-operating and operating 
environments that a flight termination sys-
tem, including each component, will experi-
ence before its safe flight state. This deter-
mination must be based on analysis, mod-
eling, testing, or monitoring. Non-operating 
and operating environments include tem-

perature, vibration, shock, acceleration, 
acoustic, and other environments that apply 
to a specific launch vehicle and launch site, 
such as humidity, salt fog, dust, fungus, ex-
plosive atmosphere, and electromagnetic en-
ergy. Both of the following apply: 

(1) Each maximum predicted vibration, 
shock, and thermal environment for a flight 
termination system component must include 
a margin that accounts for the uncertainty 
due to flight-to-flight variability and any an-
alytical uncertainty. For a launch vehicle 
configuration for which there have been 
fewer than three flights, the margin must be 
no less than plus 3 dB for vibration, plus 4.5 
dB for shock, and plus and minus 11 °C for 
thermal range; and 

(2) For a launch vehicle configuration for 
which there have been fewer than three 
flights, a launch operator must monitor 
flight environments at as many locations 
within the launch vehicle as needed to verify 
the maximum predicted flight environments 
for each flight termination system compo-
nent. An exception is that the launch oper-
ator may obtain empirical shock environ-
ment data through ground testing. A launch 
operator must adjust each maximum pre-
dicted flight environment for any future 
launch to account for all data obtained 
through monitoring. 

(c) Thermal environment. A component must 
satisfy all its performance specifications 
when exposed to preflight and flight thermal 
cycle environments. A thermal cycle must 
begin with the component at ambient tem-
perature. The cycle must continue as the 
component is heated or cooled to achieve the 
required dwell time at one extreme of the re-
quired thermal range, then to achieve the re-
quired dwell time at the other extreme, and 
then back to ambient temperature. Each 
cycle, including all dwell times, must be con-
tinuous without interruption by any other 
period of heating or cooling. Paragraphs 
(c)(2) through (c)(6) of this section identify 
the required thermal range for each compo-
nent. A thermal cycle must include no less 
than a one-hour dwell time at each tempera-
ture extreme. The thermal rate of change be-
tween the extremes must be no less than the 
maximum predicted thermal rate of change 
or 1 °C per minute, whichever is greater. For 
an ordnance device, the thermal cycle must 
include no less than a two-hour dwell time at 
each temperature extreme. The thermal rate 
of change between the extremes for an ord-
nance device must be no less than the max-
imum predicted thermal rate of change or 3 
°C per minute, whichever is greater. 

(1) Acceptance-number of thermal cycles. For 
each component, the acceptance-number of 
thermal cycles must be no less than eight 
thermal cycles or 1.5 times the maximum 
number of thermal cycles that the compo-
nent could experience during launch proc-
essing and flight, including all launch delays 
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and recycling, rounded up to the nearest 
whole number, whichever is greater. 

(2) Passive components. A passive compo-
nent must satisfy all its performance speci-
fications when subjected to: 

(i) The acceptance-number of thermal cy-
cles from one extreme of the maximum pre-
dicted thermal range to the other extreme; 
and 

(ii) Three times the acceptance-number of 
thermal cycles from the lower of ¥34 °C or 
the predicted lowest temperature minus 10 
°C, to the higher of 71 °C or the predicted 
highest temperature plus 10 °C. 

(3) Electronic components. An electronic 
flight termination system component, in-
cluding any component that contains an ac-
tive electronic piece-part such as a micro-
circuit, transistor, or diode must satisfy all 
its performance specifications when sub-
jected to: 

(i) The sum of ten thermal cycles and the 
acceptance-number of thermal cycles from 
one extreme of the maximum predicted ther-
mal range to the other extreme; and 

(ii) Three times the acceptance-number of 
thermal cycles from the lower of ¥34 °C or 
the predicted lowest temperature minus 10 
°C, to the higher of 71 °C or the predicted 
highest temperature plus 10 °C. 

(4) Power source thermal design. A flight ter-
mination system power source, including 
any battery, must satisfy all its performance 
specifications when exposed to preflight and 
flight thermal environments. The power 
source must satisfy the following: 

(i) A silver zinc battery must satisfy all its 
performance specifications when subjected 
to the acceptance-number of thermal cycles 
from 10 °C lower than the lowest tempera-
ture of the battery’s maximum predicted 
temperature range to 10 °C higher than the 
highest temperature of the range. An excep-
tion is that each thermal cycle may range 
from 5.5 °C lower than the lowest tempera-
ture of the battery’s maximum predicted 
temperature range to 10 °C higher than the 
highest temperature of the range if the 
launch operator monitors the battery’s oper-
ating temperature on the launch vehicle 
with an accuracy of no less than ±1.5 °C. 

(ii) A nickel cadmium battery must satisfy 
all its performance specifications when sub-
jected to three times the acceptance-number 
of thermal cycles from the lower of ¥20 °C or 
the predicted lowest temperature minus 10 
°C, to the higher of 40 °C or the predicted 
highest temperature plus 10 °C. 

(iii) Any other power source must satisfy 
all its performance specifications when sub-
jected to three times the acceptance-number 
of thermal cycles from 10 °C lower than the 
lowest temperature of the maximum pre-
dicted temperature range to 10 °C higher the 
highest temperature of the range. 

(5) Electro-mechanical safe-and-arm devices 
with internal explosives. A safe-and-arm de-

vice must satisfy all its performance speci-
fications when subjected to: 

(i) The acceptance-number of thermal cy-
cles from one extreme of the maximum pre-
dicted thermal range to the other extreme; 
and 

(ii) Three times the acceptance-number of 
thermal cycles from the lower of ¥34 °C or 
the predicted lowest temperature minus 10 
°C, to the higher of 71 °C or the predicted 
highest temperature plus 10 °C. 

(6) Ordnance thermal design. An ordnance 
device and any associated hardware must 
satisfy all its performance specifications 
when subjected to the acceptance-number of 
thermal cycles from the lower of ¥54 °C or 
the predicted lowest temperature minus 10 
°C, to the higher of 71 °C or the predicted 
highest temperature plus 10 °C. Each cycle 
must include a two-hour dwell time at each 
temperature extreme and a thermal rate of 
change between the extremes must be no less 
than the maximum predicted thermal rate of 
change or 3 °C per minute, whichever is 
greater. 

(d) Random vibration. A component must 
satisfy all its performance specifications 
when exposed to a composite vibration level 
profile consisting of the higher of 6 dB above 
the maximum predicted flight random vibra-
tion level or a 12.2Grms workmanship screen-
ing level, across the 20 Hz to 2000 Hz spec-
trum of the two levels. The component must 
satisfy all its performance specifications 
when exposed to three times the maximum 
predicted random vibration duration time or 
three minutes per axis, whichever is greater, 
on each of three mutually perpendicular axes 
and for all frequencies from 20 Hz to 2000 Hz. 

(e) Sinusoidal vibration. A component must 
satisfy all its performance specifications 
when exposed to 6 dB above the maximum 
predicted flight sinusoidal vibration level. 
The component must satisfy all its perform-
ance specifications when exposed to three 
times the maximum predicted sinusoidal vi-
bration duration time on each of three mutu-
ally perpendicular axes and for all fre-
quencies from 50% lower than the predicted 
lowest frequency to 50% higher than the pre-
dicted highest frequency. The sweep rate 
must be no greater than one-third the max-
imum predicted sweep rate on each of the 
three axes. 

(f) Transportation vibration. A component 
must satisfy all its performance specifica-
tions when exposed to 6 dB above the max-
imum predicted transportation vibration 
level to be experienced when the component 
is in the configuration in which it is trans-
ported, for three times the maximum pre-
dicted transportation exposure time. A com-
ponent must also satisfy all its performance 
specifications when exposed to the workman-
ship screening vibration levels and duration 
required by section E417.9(f). 

(g) Pyrotechnic shock. 
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(1) A flight termination system component 
must satisfy all its performance specifica-
tions when exposed to the greater of: 

(i) A force of 6 dB above the maximum pre-
dicted pyrotechnic shock level to be experi-
enced during flight with a shock frequency 
response range from 100 Hz to 10,000 Hz; or 

(ii) The minimum breakup qualification 
shock levels and frequencies required by 
Table E417.11–2 of appendix E of this part. 

(2) A component must satisfy all its per-
formance specifications after it experiences 
a total of 18 shocks consisting of three 
shocks in each direction, positive and nega-
tive, for each of three mutually perpen-
dicular axes. 

(h) Transportation shock. A flight termi-
nation system component must satisfy all 
its performance specifications after being ex-
posed to the maximum predicted shock to be 
experienced during transportation while in 
the configuration in which it is packed for 
transport. 

(i) Bench handling shock. A flight termi-
nation system component must satisfy all 
its performance specifications after being ex-
posed to the maximum predicted shock to be 
experienced during handling in its unpacked 
configuration. 

(j) Acceleration environment. A flight termi-
nation system component must satisfy all 
its performance specifications when exposed 
to launch vehicle breakup acceleration levels 
or twice the maximum predicted flight accel-
eration levels, whichever is greater. The 
component must satisfy all its performance 
specifications when exposed to three times 
the maximum predicted acceleration dura-
tion for each of three mutually perpen-
dicular axes. 

(k) Acoustic environment. A flight termi-
nation system component must satisfy all 
its performance specifications when exposed 
to 6 dB above the maximum predicted sound 
pressure level. The component must satisfy 
all its performance specifications when ex-
posed to three times the maximum predicted 
sound pressure duration time or three min-
utes, whichever is greater for each of three 
mutually perpendicular axes. The frequency 
must range from 20 Hz to 2000 Hz. 

(l) Other environments. A flight termination 
system component must satisfy all its per-
formance specifications after experiencing 
any other environment that it could experi-
ence during transportation, storage, pre-
flight processing, or preflight system test-
ing. Such environments include storage tem-
perature, humidity, salt fog, fine sand, fun-
gus, explosive atmosphere, and electro-
magnetic energy environments. 

D417.9 COMMAND DESTRUCT SYSTEM 

(a) A flight termination system must in-
clude a command destruct system that is ini-
tiated by radio command and satisfies the 
requirements of this section. 

(b) A command destruct system must have 
its radio frequency components on or above 
the last launch vehicle stage capable of 
reaching a populated or other protected area 
before the planned safe flight state for the 
launch. 

(c) The initiation of a command destruct 
system must result in accomplishing all the 
flight termination system functions of sec-
tion D417.3. 

(d) At any point along the nominal trajec-
tory from liftoff until no longer required by 
§ 417.107, a command destruct system must 
operate with a radio frequency input signal 
that has an electromagnetic field intensity 
of 12 dB below the intensity provided by the 
command transmitter system under nominal 
conditions over 95 percent of the radiation 
sphere surrounding the launch vehicle. 

(e) A command destruct system must sur-
vive the breakup of the launch vehicle until 
the system accomplishes all its flight termi-
nation functions or until breakup of the ve-
hicle, including the use of any automatic or 
inadvertent separation destruct system, ac-
complishes the required flight termination. 

(f) A command destruct system must re-
ceive and process a valid flight termination 
system arm command before accepting a 
flight termination system destruct com-
mand. 

(g) For any liquid propellant, a command 
destruct system must allow a flight safety 
official to non-destructively shut down any 
thrusting liquid engine by command before 
destroying the launch vehicle. 

D417.11 AUTOMATIC OR INADVERTENT 
SEPARATION DESTRUCT SYSTEM 

(a) A flight termination system must in-
clude an automatic or inadvertent separa-
tion destruct system for each stage or strap- 
on motor capable of reaching a protected 
area before the planned safe flight state for 
each launch if the stage or strap-on motor 
does not possess a complete command de-
struct system. Any automatic or inadvertent 
separation destruct system must satisfy the 
requirements of this section. 

(b) The initiation of an automatic or inad-
vertent separation destruct system must ac-
complish all flight termination system func-
tions of section D417.3 that apply to the 
stage or strap-on motor on which it is in-
stalled. 

(c) An inadvertent separation destruct sys-
tem must activate when it senses any launch 
vehicle breakup or premature separation of 
the stage or strap-on motor on which the in-
advertent separation destruct system is lo-
cated. 

(d) A launch operator must locate an auto-
matic or inadvertent separation destruct 
system so that it will survive launch vehicle 
breakup until the system activates and ac-
complishes all its flight termination func-
tions. 
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(e) For any electrically initiated auto-
matic or inadvertent separation destruct 
system, each power source that supplies en-
ergy to initiate the destruct ordnance must 
be on the same stage or strap-on motor as 
the system. 

D417.13 FLIGHT TERMINATION SYSTEM SAFING 
AND ARMING 

(a) General. A flight termination system 
must provide for safing and arming of all 
flight termination system ordnance through 
the use of a mechanical barrier or other posi-
tive means of interrupting power to each of 
the ordnance firing circuits to prevent inad-
vertent initiation of ordnance. 

(b) Flight termination system arming. A flight 
termination system must provide for each 
flight termination system ordnance initi-
ation device or arming device to be armed 
and all electronic flight termination system 
components to be turned on before arming 
any launch vehicle or payload propulsion ig-
nition circuits. For a launch where propul-
sive ignition occurs after first motion of the 
launch vehicle, the system must include an 
ignition interlock that prevents the arming 
of any launch vehicle or payload propulsion 
ignition circuit unless all flight termination 
system ordnance initiation devices and arm-
ing devices are armed and all electronic 
flight termination system components are 
turned on. 

(c) Preflight safing. A flight termination 
system must provide for remote and redun-
dant safing of all flight termination system 
ordnance before flight and during any launch 
abort or recycle operation. 

(d) In-flight safing. Any safing of flight ter-
mination system ordnance during flight 
must satisfy all of the following: 

(1) Any onboard launch vehicle hardware 
or software used to automatically safe flight 
termination system ordnance must be single 
fault tolerant against inadvertent safing. 
Any automatic safing must satisfy all of the 
following: 

(i) Any automatic safing must occur only 
when the flight of the launch vehicle satis-
fies the safing criteria for no less than two 
different safing parameters or conditions, 
such as time of flight, propellant depletion, 
acceleration, or altitude. The safing criteria 
for each different safing parameter or condi-
tion must ensure that the flight termination 
system on a stage or strap-on-motor can 
only be safed once the stage or strap-on 
motor attains orbit or can no longer reach a 
populated or other protected area; 

(ii) Any automatic safing must ensure that 
all flight termination system ordnance initi-
ation devices and arming devices remain 
armed and all electronic flight termination 
system components remain powered during 
flight until the requirements of paragraph 
(d)(1)(i) of this section are satisfied and the 
system is safed; and 

(iii) If operation of the launch vehicle 
could result in satisfaction of the safing cri-
teria for one of the two safing parameters or 
conditions before normal thrust termination 
of the stage or strap-on motor to which the 
parameter or condition applies, the launch 
operator must demonstrate that the greatest 
remaining thrust, assuming a three-sigma 
maximum engine performance, cannot result 
in the stage or strap-on motor reaching a 
populated or other protected area; 

(2) If a radio command safes a flight termi-
nation system, the command control system 
used for in-flight safing must be single fault 
tolerant against inadvertent transmission of 
a safing command under § 417.303(d). 

D417.15 FLIGHT TERMINATION SYSTEM 
INSTALLATION 

(a) A launch operator must establish and 
implement written procedures to ensure that 
all flight termination system components 
are installed on a launch vehicle according 
to the qualified flight termination system 
design. The procedures must ensure that: 

(1) The installation of all flight termi-
nation system mechanical interfaces is com-
plete; 

(2) Installation personnel use calibrated 
tools to install ordnance when a specific 
standoff distance is necessary to ensure that 
the ordnance has the desired effect on the 
material it is designed to cut or otherwise 
destroy; and 

(3) Each person involved is qualified for 
each task that person is to perform. 

(b) Flight termination system installation 
procedures must include: 

(1) A description of each task to be per-
formed, each facility to be used, and each 
hazard involved; 

(2) A checklist of tools and equipment re-
quired; 

(3) A list of personnel required for per-
forming each task; 

(4) Step-by-step directions written with 
sufficient detail for a qualified person to per-
form each task; 

(5) Identification of any tolerances that 
must be met during the installation; and 

(6) Steps for inspection of installed flight 
termination system components, including 
quality assurance oversight procedures. 

(c) The personnel performing a flight ter-
mination system installation procedure 
must signify that the procedure is accom-
plished, and record the outcome and any 
data verifying successful installation. 

D417.17 FLIGHT TERMINATION SYSTEM 
MONITORING 

(a) A flight termination system must 
interface with the launch vehicle’s telemetry 
system to provide the data that the flight 
safety system crew needs to evaluate the 
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health and status of the flight termination 
system prior to and during flight. 

(b) The telemetry data must include: 
(1) Signal strength for each command de-

struct receiver; 
(2) Whether the power to each electronic 

flight termination system component is on 
or off; 

(3) Status of output commands for each 
command destruct receiver and each auto-
matic or inadvertent separation destruct 
system; 

(4) Safe or arm status of each safe-and-arm 
device of sections D417.35 and D417.39; 

(5) Voltage for each flight termination sys-
tem battery; 

(6) Current for each flight termination sys-
tem battery; 

(7) Status of any electrical inhibit at the 
system level that is critical to the operation 
of a flight termination system and is not 
otherwise identified by this appendix; 

(8) Status of any exploding bridgewire fir-
ing unit, including arm input, power level, 
firing capacitor charge level, and trigger ca-
pacitor charge level; 

(9) Temperature of each flight termination 
system battery, whether monitored at each 
battery or in the immediate vicinity of each 
battery so that each battery’s temperature 
can be derived; and 

(10) Status of each switch used to provide 
power to a flight termination system, includ-
ing any switch used to change from an exter-
nal power source to an internal power 
source. 

D417.19 FLIGHT TERMINATION SYSTEM ELEC-
TRICAL COMPONENTS AND ELECTRONIC CIR-
CUITRY 

(a) General. All flight termination system 
electrical components and electronic cir-
cuitry must satisfy the requirements of this 
section. 

(b) Electronic piece-parts. Each electronic 
piece-part that can affect the reliability of 
an electrical component or electronic cir-
cuitry during flight must satisfy 
§ 417.309(b)(2) of this part. 

(c) Over and under input voltage protection. 
A flight termination system component 
must satisfy all its performance specifica-
tions and not sustain any damage when sub-
jected to a maximum input voltage of no less 
than the maximum open circuit voltage of 
the component’s power source. The compo-
nent must satisfy all its performance speci-
fications and not sustain any damage when 
subjected to a minimum input voltage of no 
greater than the minimum loaded voltage of 
the component’s power source. 

(d) Series-redundant circuit. A flight termi-
nation system component that uses a series- 
redundant branch in a firing circuit to sat-
isfy the prohibition against a single failure 
point must possess one or more monitoring 
circuits or test points for verifying the in-

tegrity of each series-redundant branch after 
assembly and during testing. 

(e) Power control and switching. In the event 
of an input power dropout, a power control 
or switching circuit, including any solid- 
state power transfer switch and arm-and-en-
able circuit must not change state for 50 mil-
liseconds or more. Any electromechanical, 
solid-state, or relay component used in a 
flight termination system firing circuit 
must be capable of delivering the maximum 
firing current for no less than 10 times the 
duration of the intended firing pulse. 

(f) Circuit isolation, shielding, and grounding. 
The circuitry of a flight termination system 
component must be shielded, filtered, 
grounded, or otherwise isolated to preclude 
any energy sources, internal or external to 
the launch vehicle, such as electromagnetic 
energy, static electricity, or stray electrical 
currents, from causing interference that 
would inhibit the flight termination system 
from functioning or cause an undesired out-
put of the system. An electrical firing circuit 
must have a single-point ground connection 
directly to the power source only. 

(g) Circuit protection. Any circuit protec-
tion provided within a flight termination 
system must satisfy all of the following: 

(1) Electronic circuitry must not contain 
protection devices, such as fuses, except as 
allowed by paragraph (g)(2) of this section. A 
destruct circuit may employ current lim-
iting resistors; 

(2) Any electronic circuit designed to shut 
down or disable a launch vehicle engine and 
that interfaces with a launch vehicle func-
tion must use one or more devices, such as 
fuses, circuit breakers, or limiting resistors, 
to protect against over-current, including 
any direct short; and 

(3) The design of a flight termination sys-
tem output circuit that interfaces with an-
other launch vehicle circuit must prevent 
any launch vehicle circuit failure from dis-
abling or degrading the flight termination 
system’s performance. 

(h) Repetitive functioning. Each circuit, ele-
ment, component, and subsystem of a flight 
termination system must satisfy all its per-
formance specifications when subjected to 
repetitive functioning for five times the ex-
pected number of cycles required for all ac-
ceptance testing, checkout, and operations, 
including re-tests caused by schedule or 
other delays. 

(i) Watchdog circuits. A flight termination 
system or component must not use a watch-
dog circuit that automatically shuts down or 
disables circuitry during flight. 

(j) Self-test capability. If a flight termi-
nation system component uses a micro-
processor, the component and the micro-
processor must perform self-tests, detect er-
rors, and relay the results through telemetry 
during flight to the launch operator. The 
execution of a self-test must not inhibit the 
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intended processing function of the unit or 
cause any output to change. 

(k) Electromagnetic interference protection. 
The design of a flight termination system 
component must eliminate the possibility of 
the maximum predicted electromagnetic in-
terference emissions or susceptibilities, 
whether conducted or radiated, from affect-
ing the component’s performance. A compo-
nent’s electromagnetic interference suscepti-
bility level must ensure that the component 
satisfies all its performance specifications 
when subjected to the maximum predicted 
emission levels of all other launch vehicle 
components and external sources to which 
the component would be exposed. 

(l) Ordnance initiator circuits. An ordnance 
initiator circuit that is part of a flight ter-
mination system must satisfy all of the fol-
lowing: 

(1) An ordnance initiator circuit must de-
liver an operating current of no less than 
150% of the initiator’s all-fire qualification 
current level when operating at the lowest 
battery voltage and under the worse case 
system tolerances allowed by the system de-
sign limits; 

(2) For a low voltage ordnance initiator 
with an electro-explosive device that initi-
ates at less than 50 volts, the initiator’s cir-
cuitry must limit the power at each associ-
ated electro-explosive device that could be 
produced by an electromagnetic environ-
ment to a level at least 20 dB below the pin- 
to-pin direct current no-fire power of the 
electro-explosive device; and 

(3) For a high voltage ordnance initiator 
that initiates ordnance at greater than 1,000 
volts, the initiator must include safe-and- 
arm plugs that interrupt power to the main 
initiator’s charging circuits, such as the 
trigger and output capacitors. A high volt-
age initiator’s circuitry must ensure that 
the power that could be produced at the 
initiator’s command input by an electro-
magnetic environment is no greater than 20 
dB below the initiator’s firing level. 

D417.21 FLIGHT TERMINATION SYSTEM 
MONITOR CIRCUITS 

(a) Each parameter measurement made by 
a monitor circuit must show the status of 
the parameter. 

(b) Each monitor circuit must be inde-
pendent of any firing circuit. A monitor, 
control, or checkout circuit must not share 
a connector with a firing circuit. 

(c) A monitor circuit must not route 
through a safe-and-arm plug. 

(d) Any monitor current in an electro-ex-
plosive device system firing line must not 
exceed one-tenth of the no-fire current of the 
electro-explosive device. 

(e) Resolution, accuracy, and data rates for 
each monitoring circuit must provide for de-
tecting whether performance specifications 

are satisfied and detecting any out-of-family 
conditions. 

D417.23 FLIGHT TERMINATION SYSTEM 
ORDNANCE TRAIN 

(a) An ordnance train must consist of all 
components responsible for initiation, trans-
fer, and output of an explosive charge. Ord-
nance train components must include, 
initiators, energy transfer lines, boosters, 
explosive manifolds, and destruct charges. 

(b) The reliability of an ordnance train to 
initiate ordnance, including the ability to 
propagate a charge across any ordnance 
interface, must be 0.999 at a 95% confidence 
level. 

(c) The decomposition, cook-off, sublima-
tion, auto-ignition, and melting tempera-
tures of all flight termination system ord-
nance must be no less than 30(C higher than 
the maximum predicted environmental tem-
perature to which the material will be ex-
posed during storage, handling, installation, 
transportation, and flight. 

(d) An ordnance train must include initi-
ation devices that can be connected or re-
moved from the destruct charge. The design 
of an ordnance train must provide for easy 
access to the initiation devices. 

D417.25 RADIO FREQUENCY RECEIVING SYSTEM 

(a) General. A radio frequency receiving 
system must include each flight termination 
system antenna, radio frequency coupler, 
any radio frequency cable, or other passive 
device used to connect a flight termination 
system antenna to a command receiver de-
coder. The system must deliver command 
control system radio frequency energy that 
satisfies all its performance specifications to 
each flight termination system command re-
ceiver decoder when subjected to perform-
ance degradation caused by command con-
trol system transmitter variations, launch 
vehicle flight conditions, and flight termi-
nation system hardware performance vari-
ations. 

(b) Sensitivity. A radio frequency receiving 
system must provide command signals to 
each command receiver decoder at an elec-
tromagnetic field intensity of no less than 
12dB above the level required for reliable re-
ceiver operation. The system must satisfy 
the 12-dB margin over 95% of the antenna ra-
diation sphere surrounding the launch vehi-
cle and must account for command control 
system radio frequency transmitter charac-
teristics, airborne system characteristics in-
cluding antenna gain, path loses due to 
plume or flame attenuation, and vehicle tra-
jectory. For each launch, the system must 
satisfy the 12-dB margin at any point along 
the nominal trajectory until the planned 
safe flight state for the launch. 

(c) Antenna. All of the following apply to 
each flight termination system antenna: 
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(1) A flight termination system antenna 
must have a radio frequency bandwidth that 
is no less than two times the total combined 
maximum tolerances of all applicable radio 
frequency performance factors. The perform-
ance factors must include frequency modula-
tion deviation, command control trans-
mitter inaccuracies, and variations in hard-
ware performance during thermal and dy-
namic environments; 

(2) A launch operator must treat any ther-
mal protection used on a flight termination 
system antenna as part of the antenna; and 

(3) A flight termination system antenna 
must be compatible with the command con-
trol system transmitting equipment. 

(d) Radio frequency coupler. A flight termi-
nation system must use a passive radio fre-
quency coupler to combine radio frequency 
signals inputs from each flight termination 
system antenna and distribute the required 
signal level to each command receiver. A 
radio frequency coupler must satisfy all of 
the following: 

(1) A radio frequency coupler must prevent 
any single point failure in one redundant 
command receiver or antenna from affecting 
any other redundant command receiver or 
antenna by providing isolation between each 
port. An open or short circuit in one redun-
dant command destruct receiver or antenna 
path must not prevent the functioning of the 
other command destruct receiver or antenna 
path; 

(2) Each input port must be isolated from 
all other input ports; 

(3) Each output port must be isolated from 
all other output ports; and 

(4) A radio frequency coupler must provide 
for a radio frequency bandwidth that exceeds 
two times the total combined maximum tol-
erances of all applicable radio frequency per-
formance factors. The performance factors 
must include frequency modulation devi-
ation of multiple tones, command control 
transmitter inaccuracies, and variations in 
hardware performance during thermal and 
dynamic environments. 

D417.27 ELECTRONIC COMPONENTS 

(a) General. The requirements in this sec-
tion apply to each electronic component that 
contains piece-part circuitry and is part of a 
flight termination system, including each 
command receiver decoder. Each piece-part 
used in an electronic component must sat-
isfy § 417.309(b)(2) of this part. 

(b) Response time. Each electronic compo-
nent’s response time must be such that the 
total flight termination system response 
time, from receipt of a destruct command se-
quence to initiation of destruct output, is 
less than or equal to the response time used 
in the time delay analysis required by 
§ 417.221. 

(c) Wire and connectors. All wire and con-
nectors used in an electronic component 
must satisfy section D417.31. 

(d) Adjustment. An electronic component 
must not require any adjustment after suc-
cessful completion of acceptance testing. 

(e) Self-test. The design of an electronic 
component that uses a microprocessor must 
provide for the component to perform a self- 
test, detect errors, and relay the results 
through telemetry during flight to the 
launch operator. The execution of a self-test 
must not inhibit the intended processing 
function of the unit or cause any output to 
change state. 

(f) Electronic component repetitive func-
tioning. An electronic component, including 
all its circuitry and parts, must satisfy all 
its performance specifications when sub-
jected to repetitive functioning for five 
times the total expected number of cycles re-
quired for acceptance tests, preflight tests, 
and flight operations, including potential 
retests due to schedule delays. 

(g) Acquisition of test data. The test require-
ments of appendix E of this part apply to all 
electronic components. Each electronic com-
ponent must allow for separate component 
testing and the recording of parameters that 
verify its functional performance, including 
the status of any command output, during 
testing. 

(h) Warm-up time. The warm-up time that 
an electronic component needs to ensure re-
liable operation must be no greater than the 
warm-up time that is incorporated into the 
preflight testing of appendix E of this part. 

(i) Electronic component circuit protection. 
An electronic component must include cir-
cuit protection for power and control cir-
cuitry, including switching circuitry. The 
circuit protection must ensure that the com-
ponent satisfies all its performance speci-
fications when subjected to launch proc-
essing and flight environments. An elec-
tronic component’s circuit protection must 
satisfy all of the following: 

(1) Circuit protection must provide for an 
electronic component to satisfy all its per-
formance specifications when subjected to 
the open circuit voltage of the component’s 
power source for no less than twice the ex-
pected duration and when subjected to the 
minimum input voltage of the loaded voltage 
of the power source for no less than twice 
the expected duration; 

(2) In the event of an input power dropout, 
any control or switching circuit critical to 
the reliable operation of a component, in-
cluding solid-state power transfer switches, 
must not change state for at least 50 milli-
seconds; 

(3) An electronic component must not use 
a watchdog circuit that automatically shuts 
down or disables the component during 
flight; 
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(4) An electronic component must satisfy 
all its performance specifications when any 
of its monitoring circuits or nondestruct 
output ports are subjected to a short circuit 
or the highest positive or negative voltage 
capable of being supplied by the monitor bat-
teries or other power supplies where the 
voltage lasts for no less than five minutes; 
and 

(5) An electronic component must satisfy 
all its performance specifications when sub-
jected to any undetectable reverse polarity 
voltage that can occur during launch proc-
essing for no less than five minutes. 

(j) Electromagnetic interference susceptibility. 
The design of an electronic component must 
eliminate the possibility of electromagnetic 
interference or modulated or unmodulated 
radio frequency emissions from affecting the 
component’s performance. These electro-
magnetic interference and radio frequency 
environments include emissions or 
susceptibilities, whether conducted or radi-
ated. 

(1) The susceptibility level of an electronic 
component must be below the emissions of 
all other launch vehicle components and ex-
ternal transmitters. 

(2) Any electromagnetic emissions from an 
electronic component must not be at a level 
that would affect the performance of other 
flight termination system components. 

(3) An electronic component must not 
produce any inadvertent command output 
and must satisfy all its performance speci-
fications when subjected to external radio 
frequency sources and modulation schemes 
to which the component could be subjected 
prior to and during flight. 

(k) Output functions and monitoring. An 
electronic component must provide for all of 
the following output functions and moni-
toring: 

(1) Each series redundant branch in any fir-
ing circuit of an electronic component that 
prevents a single failure point from issuing a 
destruct output must include a monitoring 
circuit or test points that verify the integ-
rity of each redundant branch after assem-
bly; 

(2) Any piece-part used in a firing circuit 
must have the capacity to output at least 1.5 
times the maximum firing current for no less 
than 10 times the duration of the maximum 
firing pulse; 

(3) An electronic component’s destruct out-
put circuit and all its parts must deliver the 
required output power to the intended out-
put load while operating with any input volt-
age that is within the component’s input 
power operational design limits; 

(4) An electronic component must include 
monitoring circuits that provide for moni-
toring the health and performance of the 
component including the status of any com-
mand output; and 

(5) The maximum leakage current through 
an electronic component’s destruct output 
port must: 

(i) Not degrade the performance of down-
stream circuitry; 

(ii) Be 20 dB lower than the level that 
could degrade the performance of any down-
stream ordnance initiation system or compo-
nent, such as any electro-explosive device; 
and 

(iii) Be 20 dB lower than the level that 
could result in inadvertent initiation of any 
downstream ordnance. 

D417.29 COMMAND RECEIVER DECODER 

(a) General. Each command receiver de-
coder must: 

(1) Receive radio frequency energy from 
the command control system through the 
radio frequency receiving system and inter-
pret, process, and send commands to the 
flight termination system; 

(2) Be compatible with the command con-
trol system transmitting equipment; 

(3) Satisfy the requirements of section 
D417.27 for all electronic components; 

(4) Satisfy all its performance specifica-
tions and reliably process a command signal 
when subjected to command control system 
transmitting equipment tolerances and 
flight generated signal degradation, includ-
ing: 

(i) Locally induced radio frequency noise 
sources; 

(ii) Vehicle plume; 
(iii) The maximum predicted noise-floor; 
(iv) Command transmitter performance 

variations; and 
(v) Launch vehicle trajectory. 
(b) Tone-based radio frequency processing. 

Each tone-based command receiver decoder 
must satisfy all of the following for all pre- 
flight and flight environments: 

(1) Decoder channel deviation. A receiver de-
coder must reliably process the intended 
tone deviated signal at the minimum and 
maximum number of expected tones. The re-
ceiver decoder must satisfy all its perform-
ance specifications when subjected to: 

(i) Plus and minus 3 KHz per tone; or 
(ii) A nominal tone deviation plus twice 

the maximum and minus half the minimum 
of the total combined tolerances of all appli-
cable radio frequency performance factors, 
whichever range is greater. 

(2) Operational bandwidth. 
(i) The receiver decoder’s operational band-

width must be no less than plus and minus 45 
KHz and must ensure that the receiver de-
coder satisfies all its performance specifica-
tions at: 

(A) Twice the worst-case command control 
system transmitter radio frequency shift; 

(B) Doppler shifts of the carrier center fre-
quency; and 
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(C) Shifts in flight hardware center fre-
quency during flight at the manufacturer 
guaranteed receiver sensitivity. 

(ii) The operational bandwidth must ac-
count for tone deviation and the receiver 
sensitivity must not vary by more than 3dB 
across the bandwidth. 

(3) Radio frequency dynamic range. The re-
ceiver decoder must satisfy all its perform-
ance specifications when subjected to the 
variations of the radio frequency input sig-
nal level that will occur during checkout and 
flight. The receiver decoder must output all 
commands with input from the radio fre-
quency threshold level up to: 

(i) The maximum radio frequency level 
that it will experience from the command 
control system transmitter during checkout 
and flight plus a 3-dB margin; or 

(ii) 13 dBm, whichever is greater. 
(4) Capture ratio. For each launch, the re-

ceiver decoder’s design must ensure that no 
transmitter with less than 80% of the power 
of the command transmitter system for the 
launch, could capture or interfere with the 
receiver decoder. 

(5) Radio frequency level monitor. (i) The re-
ceiver decoder must include a monitoring 
circuit that accurately monitors and outputs 
the strength of the radio frequency input sig-
nal during flight. 

(ii) The output of the monitor circuit must 
be directly related and proportional to the 
strength of the radio frequency input signal 
from the threshold level to saturation. 

(iii) The dynamic range of the radio fre-
quency input from threshold to saturation 
must be no less than 50 dB. The monitor cir-
cuit output amplitude from threshold to 
saturation must have a corresponding range 
of 18 dB or greater. 

(iv) The monitor output signal level must 
be compatible with vehicle telemetry system 
interfaces and provide a maximum response 
time of 100 ms. 

(v) The slope of the monitor circuit output 
must not change polarity. 

(6) Radio frequency threshold sensitivity. The 
receiver decoder’s threshold sensitivity must 
satisfy its performance specifications and be 
repeatable within a tolerance of plus and 
minus 3 dB, to demonstrate in-family per-
formance. 

(7) Noise level margin. The receiver decod-
er’s guaranteed input sensitivity must be no 
less than 6 dB higher than the maximum pre-
dicted noise-floor. 

(8) Voltage standing wave ratio. All radio 
frequency losses within the receiver decoder 
interface to the antenna system must satisfy 
the 12–dB margin of § 417.9(d) and be repeat-
able to demonstrate in-family performance. 
The radio frequency receiving system and 
the impedance of the receiver decoder must 
match. 

(9) Decoder channel bandwidth. The receiver 
decoder must provide for reliable recognition 

of the command signal when subjected to 
variations in ground transmitter tone fre-
quency and frequency modulation deviation 
variations. The command receiver must sat-
isfy all its performance specifications within 
the specified tone filter frequency bandwidth 
using a frequency modulation tone deviation 
from 2 dB to 20 dB above the measured 
threshold level. 

(10) Tone balance. Any secure receiver de-
coder must reliably decode a valid command 
with an amplitude imbalance between two 
tones within the same message. 

(11) Message timing. Any secure receiver de-
coder must function reliably when subjected 
to errors in timing caused by ground trans-
mitter tolerances. The receiver decoder must 
process commands at twice the maximum 
and one-half the minimum timing specifica-
tion of the ground system. 

(12) Check tone. The receiver decoder must 
decode a tone, such as a pilot tone or check 
tone, which is representative of link and 
command closure and provide a telemetry 
output indicating whether the tone is de-
coded. The presence or absence of this tone 
signal must have no effect on a command re-
ceiver decoder’s command processing and 
output capability. 

(c) Inadvertent command output. A command 
receiver decoder must satisfy all of the fol-
lowing to ensure that it does not provide an 
output other than when it receives a valid 
command. 

(1) Dynamic stability. The receiver decoder 
must not produce an inadvertent output 
when subjected to a radio frequency input 
short-circuit, open-circuit, or changes in 
input voltage standing wave ratio. 

(2) Out of band rejection. The receiver de-
coder must not degrade in performance nor 
respond when subjected to any out-of-band 
vehicle or ground transmitter source that 
could be encountered from liftoff to the no- 
longer endanger time. The receiver decoder 
must not respond to frequencies, from 10 
MHz to 1000 MHz except at the receiver speci-
fied operational bandwidth. The receiver de-
coder’s radio frequency rejection of out of 
band signals must provide a minimum of 60 
dB beyond eight times the maximum speci-
fied operational bandwidth. These fre-
quencies must include all expected inter-
fering transmitting sources using a min-
imum bandwidth of 20% of each transmitter 
center frequency, receiver image frequencies 
and harmonics of the assigned center fre-
quency. 

(3) Decoder channel bandwidth rejection. The 
receiver decoder must distinguish between 
tones that are capable of inhibiting or inad-
vertently issuing an output command. Each 
tone filter must not respond to another tone 
outside the specified tone filter frequency 
bandwidth using an FM tone deviation from 
2 dB to 20 dB above the measured threshold 
level. 
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(4) Adjacent tone decoder channel rejection. 
The receiver decoder must not be inhibited 
or inadvertently issue an output command 
when subjected to any over-modulation of 
adjacent tones. The tone decoder channels 
must not respond to adjacent frequency mod-
ulation-modulated tone channels when they 
are modulated with a minimum of 150% of 
the expected tone deviation. 

(5) Logic sequence. Each tone sequence used 
for arm and destruct must protect against 
inadvertent or unintentional destruct ac-
tions. 

(6) Destruct sequence. The receiver decoder 
must provide a Destruct command only if 
preceded by a valid Arm command. 

(7) Receiver abnormal logic. The receiver de-
coder must not respond to any combination 
of tones or tone pairs other than the correct 
command sequence. 

(8) Noise immunity. The receiver decoder 
must not respond to a frequency modulated 
white noise radio frequency input that has a 
minimum frequency modulated deviation of 
12 dB above the measured threshold devi-
ation. 

(9) Tone drop. The receiver decoder must 
not respond to a valid command output when 
one tone in the sequence is dropped. 

(10) Amplitude modulation rejection. The re-
ceiver decoder must not respond to any tone 
or modulated input at 50% and 100% ampli-
tude modulated noise when subjected to the 
maximum pre-flight and flight input power 
levels. 

(11) Decoder channel deviation rejection. The 
receiver decoder must not inadvertently 
trigger on frequency modulated noise. The 
receiver decoder must not respond to tone 
modulations 10 dB below the nominal tone 
modulation or lower. 

D417.31 WIRING AND CONNECTORS 

(a) All wiring, including any cable and all 
connectors, that interface with any flight 
termination system component must provide 
for the component, wiring, and connectors to 
satisfy the qualification tests required by ap-
pendix E of this part. 

(b) Each connector that interfaces with a 
flight termination system component must 
protect against electrical dropout and ensure 
electrical continuity as needed to ensure the 
component satisfies all its performance spec-
ifications. 

(c) All wiring and connectors must have 
shielding that ensures the flight termination 
system satisfies all its performance speci-
fications and will not experience an inad-
vertent destruct output when subjected to 
electromagnetic interference levels 20 dB 
greater than the greatest electromagnetic 
interference induced by launch vehicle and 
launch site systems. 

(d) The dielectric withstanding voltage be-
tween mutually insulated portions of any 
component part must provide for the compo-

nent to function at the component’s rated 
voltage and satisfy all its performance speci-
fications when subjected to any momentary 
over-potentials that could normally occur, 
such as due to switching or surge. 

(e) The insulation resistance between mu-
tually insulated portions of any component 
must provide for the component to function 
at its rated voltage. Any insulation material 
must satisfy all its performance specifica-
tions when subjected to workmanship, heat, 
dirt, oxidation, or loss of volatile material. 

(f) The insulation resistance between wire 
shields and conductors, and between each 
connector pin must withstand a minimum 
workmanship voltage of at least 1,500 volts, 
direct current, or 150 percent of the rated 
output voltage, whichever is greater. 

(g) If any wiring or connector will experi-
ence loads with continuous duty cycles of 100 
seconds or greater, that wiring or connector, 
including each connector pin, must have a 
capacity of 150% of the design load. If any 
wiring or connector will experience loads 
that last less than 100 seconds, all wiring and 
insulation must provide a design margin 
greater than the wire insulation temperature 
specification. 

(h) All wiring, including any cable or con-
nector, must satisfy all its performance spec-
ifications when subjected to the pull force 
required by section E417.9(j) and any addi-
tional handling environment that the com-
ponent could experience undetected. 

(i) Redundant circuits that can affect a 
flight termination system’s reliability dur-
ing flight must not share any wiring harness 
or connector with each other. 

(j) For any connector or pin connection 
that is not functionally tested once con-
nected as part of a flight termination system 
or component, the design of the connector or 
pin connection must eliminate the possi-
bility of a bent pin, mismating, or misalign-
ment. 

(k) The design of a flight termination sys-
tem component must prevent undetectable 
damage or overstress from occurring as the 
result of a bent connector pin. An inad-
vertent initiation must not occur if a bent 
connector pin: 

(1) Makes unintended contact with another 
pin; 

(2) Makes unintended contact with the case 
of the connector or component; or 

(3) Produces an open circuit. 
(l) Each connector that can affect a flight 

termination system component’s reliability 
during flight must satisfy the requirements 
of § 417.309(b)(2) of this part. 

(m) All connectors must positively lock to 
prevent inadvertent disconnection during 
launch vehicle processing and flight. 

(n) The installation of all wiring, including 
any cable, must protect against abrasion and 
crimping of the wiring. 
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D417.33 BATTERIES 

(a) Capacity. A flight termination system 
battery must have a manufacturer-specified 
capacity of no less than the sum total amp- 
hour and pulse capacity needed for: 

(1) Any self discharge; 
(2) All load and activation checks; 
(3) All launch countdown checks; 
(4) Any potential hold time; 
(5) Any potential number of preflight re- 

tests due to potential schedule delays includ-
ing the number of potential launch attempts 
that the battery could experience before it 
would have to be replaced; 

(6) Two arm and two destruct command 
loads at the end of the flight; and 

(7) A flight capacity of no less than 150% of 
the capacity needed to support a normal 
flight from liftoff to the planned safe flight 
state. For a launch vehicle that uses solid 
propellant, the flight capacity must be no 
less than a 30-minute hang-fire hold time. 

(b) Electrical characteristics. A flight termi-
nation system battery, under all load condi-
tions, including line loss, must have all the 
following electrical characteristics: 

(1) The manufacturer specified minimum 
voltage must be no less than the minimum 
acceptance test voltage that satisfies the 
electrical component acceptance tests of ap-
pendix E of this part. For a battery used in 
a pulse application to fire an electro-explo-
sive device, the manufacturer specified min-
imum voltage must be no less than the min-
imum qualification test voltage that satis-
fies the electro-explosive device qualifica-
tion tests of appendix E of this part; 

(2) A battery that provides power to an 
electro-explosive device initiator, including 
to any initiator fired simultaneously with 
another initiator, must: 

(i) Deliver 150% of each electro-explosive 
device’s all-fire current at the qualification 
test level. The battery must deliver the cur-
rent to each ordnance initiator at the lowest 
system battery voltage; 

(ii) Have a current pulse that lasts ten 
times longer than the duration required to 
initiate the electro-explosive device or a 
minimum workmanship screening level of 
200 milliseconds, whichever is greater; and 

(iii) Have a pulse capacity of no less than 
twice the expected number of arm and de-
struct command sets planned to occur during 
launch vehicle processing, preflight flight 
termination system end-to-end tests, plus 
flight commands including load checks, con-
ditioning, and firing of initiators; 

(3) The design of a battery and any activa-
tion procedures must ensure uniform cell 
voltage after activation. Activation must in-
clude any battery conditioning needed to en-
sure uniform cell voltage, such as peroxide 
removal or nickel cadmium preparation; and 

(4) The design of a battery or the system 
using the battery must protect against 

undetectable damage to the battery from 
any reverse polarity, shorting, overcharging, 
thermal runaway, or overpressure. 

(c) Service and storage life. The service and 
storage life of a flight termination system 
battery must satisfy all of the following: 

(1) A flight termination system battery 
must have a total activated service life that 
provides for the battery to meet the capacity 
and electrical characteristics required by 
paragraphs (a) and (b) of this section; and 

(2) A flight termination system battery 
must have a specified storage life. The bat-
tery must satisfy the activated service life 
requirement of paragraph (c)(1) of this sec-
tion after experiencing its storage life, 
whether stored in an activated or inac-
tivated state. 

(d) Monitoring capability. A battery or the 
system that uses the battery must provide 
for monitoring the status of the battery 
voltage and current. The monitoring must be 
sufficient to detect the smallest change in 
voltage or current that would indicate any 
health problem with each battery. Moni-
toring accuracy must be consistent with the 
minimum and maximum voltage and current 
limits used for launch countdown. The de-
sign of a battery that requires heating or 
cooling to sustain performance must provide 
for monitoring the battery’s temperature 
with a resolution of 0.5 °C. 

(e) Battery identification. Each battery must 
have an attached permanent label with the 
component name, type of construction (in-
cluding chemistry), manufacturer identifica-
tion, part number, lot and serial number, 
date of manufacture, and storage life. 

(f) Battery temperature control. Any battery 
heater must ensure even temperature regula-
tion of all battery cells. 

(g) Silver zinc batteries. Any silver zinc bat-
tery that is part of a flight termination sys-
tem must satisfy all of the following: 

(1) A silver zinc battery must consist of 
cells assembled from electrode plates that 
are manufactured together and without 
interruption; 

(2) The design of a silver zinc battery must 
allow activation of each individual cell with-
in the battery; 

(3) For any silver zinc battery that may 
vent electrolyte mist as part of normal oper-
ations, the battery must satisfy all its per-
formance specifications for pin-to-case and 
pin-to-pin resistances after the battery expe-
riences the maximum normal venting; 

(4) The design of a silver zinc battery and 
its cells must allow for the qualification, ac-
ceptance, and storage life extension testing 
required by appendix E of this part. A launch 
operator must ensure sufficient batteries and 
cells are available from the same lot to ac-
complish the required testing; 

(5) Each silver zinc battery must have at-
tached, no less than one additional cell from 
the same production lot, with the same lot 
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date code, as the cells in the battery for use 
in cell acceptance verification tests. The cell 
must remain attached to the battery from 
the time of assembly until performance of 
the acceptance tests to ensure that the addi-
tional cell is subjected to all the same envi-
ronments as the complete battery; 

(6) The design of a silver zinc battery must 
permit voltage monitoring of each cell dur-
ing open circuit voltage and load tests of the 
battery; and 

(7) All cell and battery parts and materials 
and manufacturing parts, materials, and 
processes must undergo configuration con-
trol that ensures that each cell and battery 
has repeatable in-family performance unless 
each cell and battery undergoes lot testing 
that demonstrates repeatable in-family per-
formance. The launch operator must identify 
and implement any lot testing that replaces 
configuration control. 

(h) Rechargeable cells and batteries. 
(1) Any rechargeable battery or cell that is 

part of a flight termination system must sat-
isfy all the requirements of this section for 
each charge-discharge cycle. 

(2) With the exception of any silver zinc 
battery, a rechargeable battery must satisfy 
all its performance specifications for five 
times the number of operating charge and 
discharge cycles expected of the battery 
throughout its life, including all acceptance 
testing, preflight testing, and flight. A silver 
zinc rechargeable battery must satisfy all its 
performance specifications for each oper-
ating charge-discharge cycle expected of the 
battery throughout its life, including all ac-
ceptance testing, preflight testing, and 
flight. 

(3) A rechargeable battery must consist of 
cells from the same production lot. For a 
battery that consists of commercially pro-
duced nickel cadmium cells, each cell must 
be from the same production lot of no less 
than three thousand cells that are manufac-
tured without interruption. 

(4) The design of a silver zinc or commer-
cial nickel cadmium battery and each of its 
cells must allow for the qualification and ac-
ceptance tests required by appendix E of this 
part. A launch operator must ensure suffi-
cient batteries and cells are available to ac-
complish the required testing. A launch op-
erator must identify and implement design 
and test requirements for any other type of 
rechargeable battery proposed for use as part 
of a flight safety system. 

(i) Commercial nickel cadmium cells and bat-
teries. Any nickel cadmium battery that uses 
one or more commercially produced nickel 
cadmium cells and is part of a flight termi-
nation system must satisfy each of the fol-
lowing to demonstrate that each cell or bat-
tery satisfies all its performance specifica-
tions: 

(1) The battery or cell must have repeat-
able capacity and voltage performance. Ca-

pacity must be repeatable within one percent 
for each charge and discharge cycle. 

(2) Any battery or cell venting device must 
ensure that the battery or cell does not expe-
rience a loss of structural integrity or create 
a hazardous condition when subjected to 
electrical discharge, charging and short-cir-
cuit conditions. 

(3) The battery or cell must retain its 
charge and provide its required capacity, in-
cluding the required capacity margin, from 
the final charge used prior to launch to the 
planned safe flight state during flight at the 
maximum pre-launch and flight tempera-
ture. The cell or battery must not self-dis-
charge more than 10% of its fully charged ca-
pacity after 72 hours at ambient tempera-
ture. 

(4) The design of the battery must prevent 
current leakage from pin-to-pin or pin-to- 
case from creating undesired events or bat-
tery self-discharge. Pin-to-pin and pin-to- 
case resistances must be repeatable so that 
measurements of pin-to-pin and pin-to-case 
resistances can establish in-family perform-
ance and determine whether all battery wir-
ing and connectors are installed according to 
the manufacturer’s design specifications. 

(5) The battery or battery case must be 
sealed to the required leak rate and not loose 
structural integrity or create a hazardous 
condition when subjected to the predicted 
operating conditions plus all required mar-
gins including any battery short-circuit. The 
battery or battery case must maintain its 
structural integrity when subjected to no 
less than 1.5 times the greatest operating 
pressure differential that could occur under 
qualification testing, preflight, or flight con-
ditions. 

(6) Any battery voltage, current, or tem-
perature monitoring circuit that is part of 
the battery must have resolution, accuracy, 
and data rates that all for detecting whether 
the performance specifications are satisfied 
and detecting any out-of-family conditions. 

(7) Any battery heater circuit, including 
any thermostat must ensure that all cells 
are heated uniformly and must allow for re-
peatable battery performance that satisfies 
all the battery’s performance specifications. 
Any heating must ensure that cells are not 
overstressed due to excessive temperature. 
The thermostat tolerances must ensure that 
the battery remains within its thermal de-
sign limits. 

(8) The battery or cell must satisfy all its 
electrical performance specifications and be 
in-family while subjected to all pre-flight 
and flight environments, including hot and 
cold temperature, and all required electrical 
loads at the beginning, middle, and end of its 
manufacturer specified capacity. 
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D417.35 ELECTRO-MECHANICAL SAFE-AND-ARM 
DEVICES WITH AN INTERNAL ELECTRO-EXPLO-
SIVE DEVICE 

(a) This section applies to any electro-me-
chanical safe-and-arm device that has an in-
ternal electro-explosive device and is part of 
a flight termination system. A safe-and-arm 
device must provide for safing and arming of 
the flight termination system ordnance to 
satisfy section D417.13. 

(b) A safe-and-arm device in the arm posi-
tion must remain in the arm position and 
satisfy all its performance specifications 
when subjected to the design environmental 
levels determined under section D417.7. 

(c) All wiring and connectors used in a 
safe-and-arm device must satisfy section 
D417.31. 

(d) Each piece-part that is used in the fir-
ing circuit of a safe-and-arm device and that 
can affect the reliability of the device during 
flight must satisfy § 417.309(b)(2) of this part. 

(e) A safe-and-arm device’s internal 
electro-explosive device must satisfy the re-
quirements for an ordnance initiator of sec-
tion D417.41. 

(f) A safe-and-arm device must not require 
any adjustment throughout its service life. 

(g) A safe-and-arm device’s internal elec-
trical firing circuitry, such as wiring, con-
nectors, and switch deck contacts, must sat-
isfy all its performance specifications when 
subjected to an electrical current pulse with 
an energy level of no less than 150% of the 
internal electro-explosive device’s all-fire 
energy level for 10 times as long as the all- 
fire pulse lasts. A safe-and-arm device must 
deliver this firing pulse to the internal 
electro-explosive device without any dropout 
that could affect the electro-explosive de-
vice’s performance when subjected to the de-
sign environmental levels. 

(h) A safe-and-arm device must satisfy all 
its performance specifications after being ex-
posed to the handling drop required by sec-
tion E417.9(k) and any additional transpor-
tation, handling, or installation environ-
ment that the device could experience unde-
tected. 

(i) A safe-and-arm device must not initiate 
and must allow for safe disposal after experi-
encing the abnormal drop required by sec-
tion E417.9(l). 

(j) When a safe-and-arm device’s electro- 
explosive device is initiated, the safe- and 
arm-device’s body must not fragment, re-
gardless of whether the explosive transfer 
system is connected or not. 

(k) When dual electro-explosive devices are 
used within a single safe-and-arm device, the 
design must ensure that one electro-explo-
sive device does not affect the performance 
of the other electro-explosive device. 

(l) A safe-and-arm device must satisfy all 
its performance specifications when sub-
jected to no less than five times the total 

number of safe and arm cycles required for 
the combination of all acceptance tests, pre-
flight tests, and flight operations, including 
an allowance for potential re-tests due to 
schedule changes. 

(m) The design of a safe-and-arm device 
must allow for separate component testing 
and recording of parameters that verify its 
functional performance , and the status of 
any command output during the tests re-
quired by section E417.25. 

(n) A safe-and-arm device must be environ-
mentally sealed to the equivalent of 10¥4 scc/ 
sec of helium at one atmosphere differential 
or the device must provide other means of 
withstanding non-operating environments, 
such as salt-fog and humidity, experienced 
during storage, transportation and preflight 
testing. 

(o) The safing of a safe-and-arm device 
must satisfy all of the following: 

(1) While in the safe position, a safe-and- 
arm device must protect each internal 
electro-explosive device from any condition 
that could degrade the electro-explosive de-
vice’s performance and prevent inadvertent 
initiation during transportation, storage, 
preflight testing, and any preflight fault con-
ditions. 

(2) While in the safe position, a safe-and- 
arm device’s electrical input firing circuit 
must prevent degradation in performance or 
inadvertent initiation of the electro-explo-
sive device when the safe-and-arm device is 
subjected to any external energy source, 
such as static discharge, radio frequency en-
ergy, or firing voltage. 

(3) While in the safe position, a safe-and- 
arm device must prevent the initiation of its 
internal electro-explosive device and any 
other ordnance train component, with a reli-
ability of 0.999 at a 95% confidence level. 

(4) A safe-and-arm device must satisfy all 
its performance specifications when in the 
safe position and subjected to the continuous 
operational arming voltage required by sec-
tion E417.25(d). 

(5) A safe-and-arm device must not initiate 
its electro-explosive device or any other ord-
nance train component when locked in the 
safe position and subjected to the continuous 
operational arming voltage required by sec-
tion E417.25(e)(3). 

(6) A safe-and-arm device must have a vis-
ual display of its status on the device and re-
mote display of the status when the device is 
in the safe position. When transitioning from 
the arm to safe position, the safe indication 
must not appear unless the position of the 
safe-and-arm device has progressed more 
than 50% beyond the no-fire transition mo-
tion. 

(7) A safe-and-arm device must have a re-
mote means of moving its rotor or barrier to 
the safe position from any rotor or barrier 
position. 
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(8) A safe-and-arm device must have a 
manual means of moving its rotor or barrier 
to the safe position. 

(9) A safe-and-arm device must have a 
safing interlock that prevents movement 
from the safe position to the arm position 
while operational arming current is being 
applied. The interlock must have a means of 
positively locking into place and must allow 
for verification of proper functioning. The 
interlock removal design or procedure must 
eliminate the possibility of accidental dis-
connection of the interlock. 

(p) The arming of a safe-and-arm device 
must satisfy all of the following: 

(1) When a safe-and-arm device is in the 
arm position, all ordnance interfaces, such 
as electro-explosive device, rotor charge, and 
explosive transfer system components must 
align with one another to ensure propagation 
of the explosive charge with a reliability of 
0.999 at a 95% confidence level; 

(2) When in the arm position, the greatest 
energy supplied to a safe-and-arm device’s 
electro-explosive device from electronic cir-
cuit leakage and radio frequency energy 
must be no greater than 20 dB below the 
guaranteed no-fire level of the electro-explo-
sive device; 

(3) A safe-and-arm device must have a vis-
ual display of its status on the device and 
provide for remote display of the status 
when the device is in the arm position. The 
arm indication must not appear unless the 
safe-and-arm device is armed as required by 
paragraph (o)(1) of this section; and 

(4) A safe-and-arm device must provide for 
remote arming of the device. 

D417.37 EXPLODING BRIDGEWIRE FIRING UNIT 

(a) General. This section applies to any ex-
ploding bridgewire firing unit that is part of 
a flight termination system. An exploding 
bridgewire firing unit must provide for 
safing and arming of the flight termination 
system ordnance to satisfy section D417.13. 
An exploding bridgewire firing unit must 
satisfy the requirements for electronic com-
ponents of section D417.29. 

(b) Charging and discharging. An exploding 
bridgewire firing unit must have a remote 
means of charging and discharging of the 
unit’s firing capacitor and an external means 
of positively interrupting the firing capac-
itor charging voltage. 

(c) Input command processing. An exploding 
bridgewire firing unit’s electrical input proc-
essing circuitry must satisfy all of the fol-
lowing: 

(1) An exploding bridgewire firing unit’s 
input circuitry must function, when sub-
jected to the greatest potential electro-
magnetic interference noise environments, 
without inadvertently triggering; 

(2) In the firing circuit of an exploding 
bridgewire firing unit, all series redundant 
branches that prevent any single failure 

point from issuing a destruct output must 
include monitoring circuits or test points for 
verifying the integrity of each redundant 
branch after assembly; 

(3) The unit input trigger circuitry of an 
exploding bridgewire firing unit must main-
tain a minimum 20 dB margin between the 
threshold trigger level and the worst-case 
noise environment; 

(4) An exploding bridgewire firing unit 
must have a minimum trigger sensitivity 
that provides for the unit to fire at 6 dB 
lower in amplitude and one-half the duration 
of the worst-case trigger signal that the unit 
could receive during flight; 

(5) In the event of a power dropout, any 
control or switching circuit critical to the 
reliable operation of an exploding bridgewire 
firing unit, including solid-state power 
transfer switches, must not change state for 
50 milliseconds or more; and 

(6) An exploding bridgewire firing unit’s re-
sponse time must satisfy all its performance 
specifications for the range of input trigger 
signals from the specified minimum trigger 
signal amplitude and duration to the speci-
fied maximum trigger signal amplitude and 
duration. 

(d) High voltage output. An exploding 
bridgewire firing unit’s high voltage dis-
charge circuit must satisfy all of the fol-
lowing: 

(1) An exploding bridgewire firing unit 
must include circuits for capacitor charging, 
bleeding, charge interruption, and trig-
gering; 

(2) An exploding bridgewire firing unit 
must have a single fault tolerant capacitor 
discharge capability; 

(3) An exploding bridgewire firing unit 
must deliver a voltage to the exploding 
bridgewire that is no less than 50% greater 
than the exploding bridgewire’s minimum 
all-fire voltage, not including transmission 
losses, at the unit’s worst-case high and low 
arming voltages; 

(4) The design of an exploding bridgewire 
firing unit must prevent corona and arcing 
on internal and external high voltage cir-
cuitry; 

(5) An exploding bridgewire firing unit 
must satisfy all its performance specifica-
tions at the worst-case high and low arm 
voltages that could be delivered during 
flight; and 

(6) Any high energy trigger circuit used to 
initiate exploding bridgewire firing unit’s 
main firing capacitor must deliver an output 
signal of no less than a 50% voltage margin 
above the nominal voltage threshold level. 

(e) Output monitors. The monitoring cir-
cuits of an exploding bridgewire firing unit 
must provide the data for real-time checkout 
and determination of the firing unit’s ac-
ceptability for flight. The monitored data 
must include the voltage level of all high 
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voltage capacitors and the arming power to 
the firing unit. 

D417.39 ORDNANCE INTERRUPTER SAFE-AND- 
ARM DEVICE WITHOUT AN ELECTRO-EXPLOSIVE 
DEVICE 

(a) This section applies to any ordnance in-
terrupter safe-and-arm device that does not 
have an internal electro-explosive device and 
is part of a flight termination system. An 
ordnance interrupter must provide for safing 
and arming of the flight termination system 
ordnance to satisfy section D417.13. 

(b) An ordnance interrupter must remain 
in the armed position and satisfy all its per-
formance specifications when subjected to 
the design environmental levels determined 
according to section D417.7. 

(c) An ordnance interrupter must not re-
quire adjustment throughout its service life. 

(d) An ordnance interrupter must satisfy 
all its performance specifications after expe-
riencing any transportation, handling, or in-
stallation environment that the device could 
experience undetected. 

(e) An ordnance interrupter that uses ord-
nance rotor leads must not initiate and must 
allow for safe disposal after experiencing the 
worst-case drop and resulting impact that it 
could experience during storage, transpor-
tation, or installation. 

(f) An ordnance interrupter must satisfy 
all of its performance specifications when 
subjected to repetitive functioning for five 
times the expected number of arming cycles 
required for acceptance testing, preflight 
checkout, and flight operations, including an 
allowance for re-tests due to potential sched-
ule delays. 

(g) An ordnance interrupter must not frag-
ment during ordnance initiation. 

(h) The design of a flight termination sys-
tem must protect an ordnance interrupter 
from conditions that could degrade its per-
formance or cause inadvertent initiation 
during transportation, storage, installation, 
preflight testing, and potential preflight 
fault conditions. Safing of an ordnance inter-
rupter must satisfy all of the following: 

(1) While in the safe position, an ordnance 
interrupter must prevent the functioning of 
an ordnance train with a reliability of 0.999 
at a 95% confidence level; 

(2) When locked in the safe position, an 
ordnance interrupter must prevent initiation 
of an ordnance train. The ordnance inter-
rupter must satisfy all its performance speci-
fication when locked in the safe position and 
subjected to the continuous operational arm-
ing voltage required by section E417.29(j); 

(3) An ordnance interrupter must not ini-
tiate its electro-explosive device or any 
other ordnance train component when locked 
in the safe position and subjected to the con-
tinuous operational arming voltage required 
by section E417.29(e)(3); 

(4) An ordnance interrupter must have a 
manual and a remote means of safing from 
any rotor or barrier position; 

(5) An ordnance interrupter must have a 
visual display of the status on the device and 
provide for remote display of the status 
when the ordnance interrupter is in the safe 
position; and 

(6) An ordnance interrupter must include a 
safing interlock that prevents the inter-
rupter from moving from the safe position to 
the arm position when subjected to an oper-
ational arming current. A safing interlock 
must have a means of positively locking into 
place and a means of verifying proper func-
tion of the interlock. A safing interlock and 
any related operation procedure must elimi-
nate the possibility of inadvertent dis-
connection of the interlock. 

(i) Arming of an ordnance interrupter must 
satisfy all of the following: 

(1) An ordnance interrupter is armed when 
all ordnance interfaces, such as a donor ex-
plosive transfer system, rotor charge, and 
acceptor explosive transfer system are 
aligned with one another to propagate the 
explosive charge with a reliability of 0.999 at 
a 95% confidence level; 

(2) An ordnance interrupter must have a 
visual display of the status on the device and 
provide for remote display of the status 
when the ordnance interrupter is in the arm 
position; and 

(3) An ordnance interrupter must provide 
for remote arming of the interrupter. 

D417.41 ORDNANCE INITIATORS 

(a) This section applies to any low-voltage 
electro-explosive device that is part of a 
flight termination system or high-voltage 
exploding bridgewire ordnance initiator that 
is part of a flight termination system. An 
ordnance initiator must use electrical en-
ergy to trigger an explosive charge that ini-
tiates the flight termination system ord-
nance. 

(b) An ordnance initiator must have a 
manufacturer-specified all-fire energy level. 
When the all-fire energy level is applied, the 
ordnance initiator must fire with a reli-
ability of no less than 0.999 at a 95 percent 
confidence level. 

(c) An ordnance initiator must have a spec-
ified no-fire energy level. An ordnance 
initiator must not fire when exposed to con-
tinuous application of the no-fire energy 
level, with a reliability of no less than 0.999 
at a 95 percent confidence level. An ordnance 
initiator must satisfy all its performance 
specifications when subjected to continuous 
application of the no-fire energy level. 

(d) The lowest temperature at which an 
ordnance initiator would experience 
autoignition, sublimation, or melting or in 
any other way experience degradation in per-
formance must be no less than 30 °C higher 
than the highest temperature that the 
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initiator could experience prior to or during 
flight. 

(e) An ordnance initiator must not fire, 
and must satisfy all its performance speci-
fications when subjected to the maximum 
expected electrostatic discharge that it 
could experience from personnel or conduc-
tive surfaces. An ordnance initiator must 
not fire, and must satisfy all its performance 
specifications when subjected to workman-
ship discharges of no less than a 25-kV, 500- 
pF pin-to-pin discharge through a 5-kW resis-
tor and a 25-kV, 500-pF pin-to-case discharge 
with no resistor. 

(f) An ordnance initiator must not initiate 
and must satisfy all its performance speci-
fications when exposed to stray electrical 
current that is at a 20-dB margin greater 
than the greatest stray electrical current 
that the ordnance initiator could experience 
prior to or during flight. When determining 
the 20-dB margin, a launch operator must ac-
count for all potential sources of stray elec-
trical current, including leakage current 
from other electronic components and radio 
frequency induced electrical current. 

(g) An ordnance initiator must satisfy all 
its performance specification after being ex-
posed to the tensile load required by section 
E417.9(j), the handling drop required by sec-
tion E417.9(k), and any additional transpor-
tation, handling, or installation environ-
ment that the device could experience unde-
tected. 

(h) An ordnance initiator must not initiate 
and must allow for safe disposal after experi-
encing the abnormal drop required by sec-
tion E417.9(l). 

(i) An ordnance initiator must be hermeti-
cally sealed to the equivalent of 5 × 10¥6 scc/ 
sec of helium at one atmosphere pressure dif-
ferential. 

(j) The insulation resistance between mu-
tually insulated points must ensure that an 
ordnance initiator satisfies all its perform-
ance specifications when subjected to the 
greater of twice the maximum applied volt-
age during testing and flight or a workman-
ship voltage of no less than 500 volts. The in-
sulation material must satisfy all its per-
formance specifications when exposed to 
workmanship, heat, dirt, oxidation, and any 
additional expected environment. 

D417.43 EXPLODING BRIDGEWIRE 

(a) This section applies to any exploding 
bridgewire that is part of a flight termi-
nation system. An exploding bridgewire 
must use high-voltage electrical energy of 50 
volts or greater to trigger an explosive 
charge that initiates the flight termination 
system ordnance. 

(b) An exploding bridgewire must satisfy 
the ordnance initiator requirements of sec-
tion D417.41. 

(c) An exploding bridgewire’s electrical cir-
cuitry, such as connectors, pins, wiring and 

header assembly, must transmit an all-fire 
pulse at a level 50% greater than the lowest 
exploding bridgewire firing unit’s oper-
ational firing voltage. This must include al-
lowances for effects such as corona and arc-
ing of a flight configured exploding 
bridgewire exposed to altitude, thermal vac-
uum, salt-fog, and humidity environments. 

(d) An exploding bridgewire must not frag-
ment during ordnance initiation. 

(e) All exploding bridgewire connector pins 
must withstand the tension and compression 
loads required by section E417.9(j). 

D417.45 PERCUSSION-ACTIVATED DEVICE 

(a) This section applies to any percussion- 
activated device that is part of a flight ter-
mination system. A percussion-activated de-
vice must use mechanical energy to trigger 
an explosive charge that initiates the flight 
termination system ordnance. 

(b) A percussion-activated device’s lanyard 
pull system must have a protective cover or 
other feature that prevents inadvertent pull-
ing of the lanyard. 

(c) A percussion-activated device must not 
fragment upon initiation. 

(d) A percussion-activated device must 
have a guaranteed no-fire pull force of no 
less than twice the largest inadvertent pull 
force that the device could experience: 

(1) Any time prior to flight that the safing 
interlock of paragraph (o) of this section is 
not in place; or 

(2) During flight. 
(e) A percussion-activated device must not 

initiate when pulled with its maximum no- 
fire pull force and then released with a reli-
ability of no less than 0.999 at a 95% con-
fidence level. 

(f) A percussion-activated device must 
have a primer all-fire energy level, including 
spring constant and pull distance that en-
sures initiation, with a reliability of no less 
than 0.999 at a 95% confidence level when 
subjected to preflight and flight environ-
ments. 

(g) A percussion-activated device must de-
liver an operational impact force to the 
primer of no less than twice the all-fire en-
ergy level. 

(h) A percussion-activated device’s primer 
must initiate and must satisfy all its per-
formance specifications when subjected to 
two times the operational impact energy or 
four times the all-fire impact energy level. 

(i) A percussion-activated device’s reli-
ability must satisfy its performance speci-
fications when subjected to a no-fire pull 
force and then released. 

(j) The lowest temperature at which a per-
cussion-activated device would experience 
autoignition, sublimation, or melting, or in 
any other way not satisfy its performance 
specifications, must be no less than 30 °C 
higher than the highest temperature that 
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the percussion-activated device could experi-
ence prior to or during flight. 

(k) A percussion-activated device must sat-
isfy all its performance specifications after 
experiencing the handling drop required by 
section E417.9(k) and any additional trans-
portation, handling, or installation environ-
ment that the device could experience unde-
tected. 

(l) A percussion-activated device’s ord-
nance must be hermetically sealed to the 
equivalent of 5 × 10¥6 scc/sec of helium at one 
atmosphere differential. 

(m) A percussion-activated device’s struc-
tural and firing components must withstand 
500 percent of the largest pull or jerk force 
that the device could experience during 
breakup of the launch vehicle. 

(n) A percussion-activated device must not 
initiate and must allow for safe disposal 
after experiencing the abnormal drop re-
quired by section E417.9(l). 

(o) A percussion-activated device must in-
clude a safing interlock, such as a safing pin, 
that provides a physical means of preventing 
the percussion-activated device assembly 
from pulling more than 50% of the guaran-
teed no-fire pull distance. The following 
apply to a safing interlock: 

(1) A safing interlock must positively lock 
into place and must have a means of 
verifying proper function of the interlock. 

(2) A safing interlock must eliminate the 
possibility of inadvertent disconnection or 
removal of the interlock should a pre-load 
condition exist on the lanyard unless the de-
vice provides a visual or other means of 
verifying that there is no load on the lan-
yard. 

(3) A safing interlock, when in place, must 
prevent initiation of the percussion actuated 
device when subjected to twice the greatest 
possible inadvertent pull force that could be 
experienced during launch processing. 

D417.47 EXPLOSIVE TRANSFER SYSTEM 

(a) This section applies to any explosive 
transfer system that is part of a flight termi-
nation system. An explosive transfer system 
must transmit an explosive charge from an 
initiation source, such as an ordnance 
initiator, to other flight termination system 
ordnance such as a destruct charge. 

(b) Ordnance used in an explosive transfer 
system must consist of a secondary explo-
sive. An exception to this is any transition 
component that contains a primary explo-
sive that is fully contained within the tran-
sition component. Any transition component 
that contains a primary explosive must be 
no more sensitive to inadvertent detonation 
than a secondary explosive. 

(c) An explosive transfer system, including 
all donor, acceptor, and transition charges 
and components must transfer an explosive 
charge with a reliability of no less than 0.999 
at a 95% confidence level. 

(d) An explosive transfer system must sat-
isfy all its performance specifications with 
the smallest bend radius that it is subjected 
to when installed in its flight configuration. 

(e) All explosive transfer connectors must 
positively lock in place and provide for 
verification of proper connection through 
visual inspection. 

(f) Each explosive transfer system compo-
nent must satisfy all its performance speci-
fications when subjected to the tensile load 
required by section E417.9(j). 

(g) An explosive transfer system must sat-
isfy all its performance specifications after 
experiencing the handling drop required by 
section E417.9(k) and any additional trans-
portation, handling, or installation environ-
ment that the system could experience unde-
tected. 

(h) An explosive transfer system must not 
initiate and must allow for safe disposal 
after experiencing the abnormal drop re-
quired by section E417.9(l). 

(i) An explosive transfer system must be 
hermetically sealed to the equivalent of 5 × 
10¥6 scc/sec of helium at one atmosphere 
pressure differential. 

D417.49 DESTRUCT CHARGE 

(a) This section applies to any destruct 
charge that is part of a flight termination 
system. A destruct charge must sever or pen-
etrate a launch vehicle component or pay-
load, such as a propellant tank or motor cas-
ing, to accomplish a flight termination func-
tion. 

(b) A destruct charge must use a secondary 
explosive. 

(c) When initiated, a destruct charge ac-
ceptor, where applicable, or main charge 
must ensure the transfer of the explosive 
charge with a reliability of 0.999 at a 95% 
confidence level. 

(d) Initiation of a destruct charge must re-
sult in a flight termination system action in 
accordance with the flight termination sys-
tem functional requirements of § 417.303. 

(e) A destruct charge must sever or pene-
trate 150% of the thickness of the material 
that must be severed or penetrated in order 
for the destruct charge to accomplish its in-
tended flight termination function. A de-
struct charge, when initiated to terminate 
the flight of a launch vehicle, must not deto-
nate any launch vehicle or payload propel-
lant. 

(f) Each destruct charge and associated fit-
ting must satisfy all its performance speci-
fications when subjected to the tensile load 
required by section E417.9(j). 

(g) A destruct charge must satisfy all its 
performance specifications after experi-
encing the handling drop required by section 
E417.9(k) and any additional transportation, 
handling, or installation environment that 
the charge could experience undetected. 
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(h) A destruct charge must not initiate and 
must allow for safe disposal after experi-
encing the abnormal drop required by sec-
tion E417.9(l). 

(i) A destruct charge must be hermetically 
sealed to the equivalent of 5 × 10¥6 scc/sec of 
helium at one atmosphere pressure differen-
tial. 

D417.51 VIBRATION AND SHOCK ISOLATORS 

(a) This section applies to any vibration or 
shock isolator that is part of a flight safety 
system. A vibration or shock isolator must 
ensure the environmental survivability of a 
flight termination system component by re-
ducing the vibration or shock levels that the 
component experiences during flight. 

(b) A vibration or shock isolator must have 
repeatable natural frequency and resonant 
amplification parameters when subjected to 
flight environments. 

(c) An isolator must account for all effects 
that could cause variations in repeatability, 
including acceleration preloads, tempera-
ture, component mass, and vibration level 
variations. 

(d) A vibration or shock isolator must sat-
isfy all of its performance specifications 
when subjected to the qualification test en-
vironments for each component that is 
mounted on the isolator. 

(e) All components mounted on a vibration 
or shock isolator must withstand the envi-
ronments introduced by isolator amplifi-
cation. In addition, all component interface 
hardware, such as connectors, cables, and 
grounding straps, must withstand any added 
deflection introduced by an isolator. 

D417.53 MISCELLANEOUS COMPONENTS 

(a) This section applies to any miscella-
neous flight termination system component 
that is not specifically identified by this ap-
pendix. 

(b) A miscellaneous component must sat-
isfy all its performance specifications when 
subjected to the non-operating and operating 
environments of section D417.3. 

(c) The design of a miscellaneous compo-
nent must provide for the component to be 
tested in accordance with appendix E of this 
part. 

(d) A launch operator must identify any 
additional requirements that apply to any 
new or unique component and demonstrate 
that those requirements ensure the reli-
ability of the component. 

APPENDIX E TO PART 417—FLIGHT TER-
MINATION SYSTEM TESTING AND 
ANALYSIS 

E417.1 GENERAL 

(a) Scope and compliance. This appendix 
contains requirements for tests and analyses 
that apply to all flight termination systems 

and the components that make up each 
flight termination system. Section 417.301 re-
quires that a launch operator’s flight safety 
system employ a flight termination system 
that complies with this appendix. Section 
417.301 also contains requirements that apply 
to a launch operator’s demonstration of com-
pliance with the requirement of this appen-
dix. A launch operator must employ on its 
launch vehicle only those flight termination 
system components that satisfy the require-
ments of this appendix. 

(b) Component tests and analyses. A compo-
nent must satisfy each test or analysis re-
quired by any table of this appendix to dem-
onstrate that the component satisfies all its 
performance specifications when subjected 
to non-operating and operating environ-
ments. A launch operator must identify and 
implement any additional test or analysis 
for any new technology or any unique appli-
cation of an existing technology. 

(c) Test plans. Each test of a component, 
subsystem, or system must follow a written 
plan that specifies the test parameters, in-
cluding pass/fail criteria, and a testing se-
quence that satisfy the requirements of this 
appendix. For any component that is used 
for more than one flight, the test plan must 
provide for component reuse qualification, 
refurbishment, and acceptance as required 
by section E417.7(g). The test plan must in-
clude any alternate procedures for testing a 
component when it is in place on the launch 
vehicle. 

(d) Test failures. If a test of a component re-
sults in a failure, the component does not 
satisfy the test requirement. Each of the fol-
lowing is a test failure: 

(1) Any component sample that does not 
satisfy a performance specification; 

(2) Any failure to accomplish a test objec-
tive; 

(3) Any component sample with a test re-
sult that indicates that the component is 
out-of-family when compared to other sam-
ples of the component, even if the component 
satisfies other test criteria; 

(4) Any unexpected change in the perform-
ance of a component sample occurring at any 
time during testing; 

(5) Any component sample that exhibits 
any sign that a part is stressed beyond its 
design limit, such as a cracked circuit board, 
bent clamps, worn part, or loose connector 
or screw, even if the component passes the 
final functional test; 

(6) When component examination shows 
any defect that could adversely affect the 
component’s performance; 

(7) Any discontinuity or dropout in a meas-
ured performance parameter that could pre-
vent the component from satisfying a per-
formance specification; 

(8) Any inadvertent output; or 
(9) Any indication of internal component 

damage. 
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(e) Failure analysis. In the event of a test 
failure, the test item, procedures and equip-
ment must undergo a written failure anal-
ysis. The failure analysis must identify the 
cause of the failure, the mechanism of the 
failure, and isolate the failure to the small-
est replaceable item or items and ensure 
that there are no generic design, workman-
ship, or process problems with other flight 
components of similar configuration. 

(f) Test tolerances. Each test must apply to 
the nominal values specified by this appen-
dix tolerances that satisfy the following: 

(1) The tolerance of any measurement 
taken during a functional test must provide 
the accuracy needed to detect any out-of- 
family or out-of-specification anomaly. 

(2) An environmental level, such as for vi-
bration or temperature, used to satisfy a 
component test requirement of this appendix 
must include the environment design margin 
required by appendix D of this part. The en-
vironmental level must account for any test 
equipment tolerance to ensure that the com-
ponent experiences the required margin. 

(g) Test equipment. All equipment used dur-
ing environmental testing must provide for 
the test item to experience the required en-
vironmental test levels. Any test fixture 
used to simultaneously test multiple compo-
nent samples must ensure that each compo-
nent sample, at each mounting location on 
the fixture experiences each required envi-
ronmental test level. Any difference in a 
qualification or acceptance test fixture or 
cable must undergo an evaluation to ensure 
that flight hardware is not subjected to 
stresses greater than that which the unit ex-
periences during qualification. 

(h) Rework and repair of components. Com-
ponents that fail a test may undergo rework 
and repair and must then complete the failed 
test and each remaining test. If a repair re-
quires disassembly of the component or sol-
dering operations, the component must re-
peat any test necessary to demonstrate that 
the repair corrected the original anomaly 
and did not cause other damage. The total 
number of acceptance tests experienced by a 
repaired component must not exceed the en-
vironments for which the component is 
qualified. 

(i) Test and analysis reports. A launch oper-
ator must prepare or obtain one or more 
written reports that: 

(1) Describe all flight termination system 
test results and test conditions; 

(2) Describe any analysis performed instead 
of testing; 

(3) Identify, by serial number or other 
identification, each test result that applies 
to each system or component; 

(4) Describe any family performance data 
to be used for comparison to any subsequent 
test of a component or system; 

(5) Describe all performance parameter 
measurements made during component test-

ing for comparison to each previous and sub-
sequent test to identify any performance 
variations that may indicate a potential 
workmanship or other defect that could lead 
to a failure of the component during flight; 
and 

(6) Identify any test failure or anomaly, in-
cluding any variation from an established 
performance baseline, with a description of 
the failure or anomaly, each corrective ac-
tion taken, and all results of additional 
tests. 

E417.3 COMPONENT TEST AND ANALYSIS 
TABLES 

(a) General. This section applies to each 
test and analysis table of this appendix. 
Each component or system that is identified 
by a table must satisfy each test or analysis 
identified by the table. Each component or 
system must satisfy a test by undergoing 
and passing the test as described in the para-
graph that the table lists. In cases where the 
listed paragraph allows a test or analysis, 
any analysis must satisfy any specific re-
quirement listed in the paragraph and must 
demonstrate one of the following: 

(1) The test environment does not apply to 
the component; 

(2) The test environment does not degrade 
the component’s performance; or 

(3) Another test or combination of tests 
that the component undergoes places equal 
or greater stress on the component than the 
test in question. 

(b) Test sequence. A component or system 
must undergo each test in the same order as 
the table identifies the test. A launch oper-
ator may deviate from the test sequence if 
the launch operator demonstrates that an-
other order will detect any component anom-
aly that could occur during testing. 

(c) Quantity of sample components tested. 
(1) For a new component, each table identi-

fies the quantity of component samples that 
must undergo each test identified by the 
table. 

(2) A launch operator may test fewer sam-
ples than the quantity identified for a new 
component if the launch operator dem-
onstrates one of the following: 

(i) That the component has experienced 
comparable environmental tests; or 

(ii) The component is similar to a design 
that has experienced comparable environ-
mental tests. 

(3) Any component that a launch operator 
uses for any comparison to a new component 
must have undergone all the environmental 
tests required for the new component to de-
velop cumulative effects. 

(d) Performance verification tests. Each per-
formance verification test identified by any 
table of this appendix must satisfy all of the 
following: 
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(1) Each test must measure one or more of 
a component or system’s performance pa-
rameters to demonstrate that the component 
or system satisfies all its performance speci-
fications; 

(2) The component must undergo each test: 
(i) Before the component is exposed to each 

test environment; and 
(ii) After the component is exposed to the 

test environment to identify any perform-
ance degradation due to the environment; 
and 

(3) Any electronic component must under-
go each performance verification test at: 

(i) The lowest operating voltage; 
(ii) Nominal operating voltage; and 
(iii) Highest operating voltage that the 

component could experience during pre- 
flight and flight operations. 

(e) Abbreviated performance verification tests. 
Each abbreviated performance verification 
test required by any table of this appendix 
must satisfy all of the following: 

(1) Each test must exercise all of a compo-
nent’s functions that are critical to a flight 
termination system’s performance during 
flight 

(i) while the component is subjected to 
each test environment; or, 

(ii) for short duration environments such 
as shock, before and after each test; 

(2) Each test must measure a sampling of 
the component’s critical performance param-
eters while the component is subjected to 
each test environment to demonstrate that 
the component satisfies all its performance 
specifications; and 

(3) Any electronic component must under-
go each abbreviated performance verification 
test at the component’s nominal operating 
voltage. 

(f) Status-of-health tests. Each status-of- 
health test required by any table of this ap-
pendix must satisfy all of the following: 

(1) Each test must measure one or more 
critical performance parameter to dem-
onstrate that a component or system satis-
fies all its performance specifications; 

(2) The critical performance parameters 
must include those parameters that act as 
an indicator of an internal anomaly that a 
functional performance test might not de-
tect; and 

(3) Each test must compare the results to 
any previous test results to identify any deg-
radation in performance. 

E417.5 COMPONENT EXAMINATION 

(a) General. This section applies to each 
component examination identified by any 
table of this appendix. Each component ex-
amination must identify any manufacturing 
defect that the performance tests might not 
detect. The presence of a defect that could 
adversely affect the component’s perform-
ance constitutes a failure. 

(b) Visual examination. A visual examina-
tion must verify that good workmanship was 
employed during manufacture of a compo-
nent and that the component is free of any 
physical defect that could adversely affect 
performance. A visual examination may in-
clude the use of optical magnification, mir-
rors, or specific lighting, such as ultraviolet 
illumination. 

(c) Dimension measurement. A dimension 
measurement of a component must verify 
that the component satisfies all its dimen-
sional specifications. 

(d) Weight measurement. A weight measure-
ment of a component must verify that the 
component satisfies its weight specification. 

(e) Identification check. An identification 
check of a component must verify that the 
component has one or more identification 
tags that contain information that allows 
for configuration control and tracing of the 
component. 

(f) X-ray and N-ray examination. An X-ray 
or N-ray examination of a component must 
have a resolution that allows detailed in-
spection of the internal parts of the compo-
nent and must identify any internal anoma-
lous condition. The examination must in-
clude enough photographs, taken from dif-
ferent angles, to allow complete coverage of 
the component’s internal parts. When uti-
lized as a recurring inspection technique to 
accept production hardware, the examina-
tion must use the same set of angles for each 
sample of a component to allow for compari-
son. A certified technician must evaluate X- 
ray and N-ray photographs. 

(g) Internal inspection. An internal inspec-
tion of a component must demonstrate that 
there is no wear or damage, including any in-
ternal wear or damage, to the component 
that could adversely affect its performance 
after exposure to any test environment. An 
internal inspection must satisfy all of the 
following: 

(1) All internal components and subassem-
blies, such as circuit board traces, internal 
connectors, welds, screws, clamps, electronic 
piece parts, battery cell plates and separa-
tors, and mechanical subassemblies must un-
dergo examination to satisfy this paragraph 
using an inspection method such as a magni-
fying lens or radiographic inspection; 

(2) For a component that can be disassem-
bled, the component must undergo complete 
disassembly to the point needed to satisfy 
this paragraph; and 

(3) For a component that cannot be dis-
assembled, such as an antenna, potted com-
ponent, or welded structure, the component 
must undergo any special procedures needed 
to satisfy this paragraph, such as depotting 
the component, cutting the component into 
cross-sections, or radiographic inspection. 

(h) Leakage. A leakage test must dem-
onstrate that a component’s seal satisfies all 
its performance specifications before and 
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after the component is subjected to any test 
environment as follows: 

(1) The test must have the resolution and 
sample rate to demonstrate that the compo-
nent’s leak rate is no greater than its design 
limit. 

(2) For an electronic component, the test 
must demonstrate a leak rate of no greater 
than the equivalent of 10¥4 standard cubic 
centimeters/second (scc/sec) of helium. 

(3) For an ordnance component, the test 
must demonstrate a leak rate of no greater 
than the equivalent of 5 × 10¥6 scc/sec of he-
lium. 

E417.7 QUALIFICATION TESTING AND ANALYSIS 

(a) This section applies to each qualifica-
tion non-operating and operating test or 
analysis identified by any table of this ap-
pendix. A qualification test or analysis must 
demonstrate that a component will satisfy 
all its performance specifications when sub-
jected to the design environmental levels re-
quired by section D417.7. 

(b) Before a component sample undergoes a 
qualification environmental test, the compo-
nent sample must pass all the required ac-
ceptance tests. 

(c) A component must undergo each quali-
fication test in a flight representative con-
figuration, with all flight representative 
hardware such as connectors, cables, and any 
cable clamps, and with all attachment hard-
ware, such as dynamic isolators, brackets 
and bolts, as part of that flight representa-
tive configuration. 

(d) A component must undergo re-quali-
fication tests if there is a change in the de-
sign of the component or if the environ-
mental levels to which it will be exposed ex-
ceed the levels for which the component is 
qualified. A component must undergo re- 
qualification if the manufacturer’s location, 
parts, materials, or processes have changed 
since the previous qualification. A change in 
the name of the manufacturer as a result of 
a sale does not require re-qualification if the 
personnel, factory location or the parts, ma-
terial and processes remain unchanged since 
the last component qualification. The extent 
of any re-qualification tests must be the 
same as the initial qualification tests except 
where paragraph (f) of this section applies. 

(e) A launch operator must not use for 
flight any component sample that has been 
subjected to a qualification test environ-
ment. 

(f) A launch operator may reduce the test-
ing required to qualify or re-qualify a com-
ponent’s design through qualification by 
similarity to tests performed on identical or 
similar hardware. To qualify component ‘‘A’’ 
based on similarity to component ‘‘B’’ that 
has already been qualified for use, a launch 
operator must demonstrate that all of the 
following conditions are satisfied: 

(1) ‘‘B’’ must have been qualified through 
testing, not by similarity; 

(2) The environments encountered by ‘‘B’’ 
during its qualification or flight history 
must have been equal to or more severe than 
the qualification environments required for 
‘‘A;’’ 

(3) ‘‘A’’ must be a minor variation of ‘‘B.’’ 
The demonstration that A is a minor vari-
ation of B must account for all of the fol-
lowing: 

(i) Any difference in weight, mechanical 
configuration, thermal effects, or dynamic 
response; 

(ii) Any change in piece-part quality level; 
and 

(iii) Any addition or subtraction of an elec-
tronic piece-part, moving part, ceramic or 
glass part, crystal, magnetic device, or 
power conversion or distribution equipment; 

(4) ‘‘A’’ and ‘‘B’’ must perform the same 
functions, with ‘‘A’’ having equivalent or 
better capability; and 

(5) The same manufacturer must produce 
‘‘A’’ and ‘‘B’’ in the same location using 
identical tools and manufacturing processes; 

(g) For any flight termination system com-
ponent used for more than one flight, the 
component qualification tests must dem-
onstrate that the component satisfies all its 
performance specifications when subjected 
to: 

(1) Each qualification test environment; 
and 

(2) The total number of exposures to each 
maximum predicted environment for the 
total number of flights. 

E417.9 QUALIFICATION NON-OPERATING 
ENVIRONMENTS 

(a) General. This section applies to each 
qualification non-operating environment 
test or analysis identified by any table of 
this appendix. A qualification non-operating 
test or analysis must demonstrate that a 
component satisfies all its performance spec-
ifications when subjected to each maximum 
predicted non-operating environment that 
the component could experience, including 
all storage, transportation, and installation 
environments. 

(b) Storage temperature. A storage tempera-
ture test or analysis must demonstrate that 
a component will satisfy all its performance 
specifications when subjected to the max-
imum predicted high and low temperatures, 
thermal cycles, and dwell-times at the high 
and low temperatures that the component 
could experience under storage conditions as 
follows: 

(1) Any storage temperature test must sub-
ject the component to the range of tempera-
tures from 10 °C lower than the maximum 
predicted storage thermal range to 10 °C 
higher. The rate of change from one thermal 
extreme to the other must be no less than 
the maximum predicted thermal rate of 
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change. All thermal dwell-times and thermal 
cycles must be no less than those of the max-
imum predicted storage environment. 

(2) Any analysis must demonstrate that 
the qualification operating thermal cycle en-
vironment is more severe than the storage 
thermal environment by satisfying one of 
the following: 

(i) The analysis must include thermal fa-
tigue equivalence calculations that dem-
onstrate that the large change in tempera-
ture for a few thermal cycles experienced 
during flight is a more severe environment 
than the relatively small change in tempera-
ture for many thermal cycles that would be 
experienced during storage; or 

(ii) The analysis must demonstrate that 
the component’s operating qualification 
thermal cycle range encompasses –34 °C to 71 
°C and that any temperature variation that 
the component experiences during storage 
does not exceed 22 °C. 

(c) High-temperature storage of ordnance. A 
component may undergo a high-temperature 
storage test to extend the service-life of an 
ordnance component production lot from one 
year to three or five years as permitted by 
any test table of this appendix. The test 
must demonstrate that each component sam-
ple satisfies all its performance specifica-
tions after being subjected to +71 °C and 40 to 
60 percent relative humidity for no less than 
30 days each. 

(d) Transportation shock. A transportation 
shock test or analysis must demonstrate 
that a component satisfies all its perform-
ance specifications after being subjected to 
the maximum predicted transportation in-
duced shock levels that the component could 
experience when transported in its trans-
ported configuration. Any analysis must 
demonstrate that the qualification operating 
shock environment is more severe than the 
transportation shock environment. 

(e) Bench handling shock. A bench handling 
shock test must demonstrate that a compo-
nent satisfies all its performance specifica-
tions after being subjected to maximum pre-
dicted bench handling induced shock levels. 
The test must include, for each orientation 
that could occur during servicing; a drop 
from the maximum predicted handling 
height onto a representative surface. 

(f) Transportation vibration. A transpor-
tation vibration test or analysis must dem-
onstrate that a component satisfies all its 
performance specifications after being sub-
jected to a maximum predicted transpor-
tation-induced vibration level when trans-
ported in its transportation configuration as 
follows: 

(1) Any transportation vibration test must 
subject a component to vibration in three 
mutually perpendicular axes for 60 minutes 
per axis. The test must subject each axis to 
the following vibration profile: 

(i) 0.01500 g2/Hz at 10 Hz to 40 Hz; 

(ii) 0.01500 g2/Hz at 40 Hz to 0.00015 g2/Hz at 
500 Hz; and 

(iii) If the component is resonant below 10 
Hz, the test vibration profile must extend to 
the lowest resonant frequency. 

(2) Any analysis must demonstrate that 
the qualification operating vibration envi-
ronment is more severe than the transpor-
tation vibration environment. The analysis 
must include vibration fatigue equivalence 
calculations that demonstrate that the high 
vibration levels with short duration experi-
enced during flight creates a more severe en-
vironment than the relatively low-vibration 
levels with long duration that would be expe-
rienced during transportation. 

(g) Fungus resistance. A fungus resistance 
test or analysis must demonstrate that a 
component satisfies all its performance spec-
ifications after being subjected to a fungal 
growth environment. Any analysis must 
demonstrate that all unsealed and exposed 
surfaces do not contain nutrient materials 
for fungus. 

(h) Salt fog. For a component that will be 
exposed to salt fog, a salt fog test or analysis 
must demonstrate that the component satis-
fies all its performance specifications after 
being subjected to the effects of a moist, 
salt-laden atmosphere. The test or analysis 
must demonstrate the ability of all exter-
nally exposed surfaces to withstand a salt- 
fog environment. The test or analysis must 
demonstrate the ability of each internal part 
of a component to withstand a salt-fog envi-
ronment unless the component is environ-
mentally sealed, and acceptance testing 
verifies that the seal works. 

(i) Fine sand. For a component that will be 
exposed to fine sand or dust, a fine sand test 
or analysis must demonstrate that the com-
ponent satisfies all its performance speci-
fications after being subjected to the effects 
of dust or fine sand particles that may pene-
trate into cracks, crevices, bearings and 
joints. The test or analysis must dem-
onstrate the ability of all externally exposed 
surfaces to withstand a fine sand environ-
ment. The test or analysis must demonstrate 
the ability of each internal part of a compo-
nent to withstand a fine sand environment 
unless the component is environmentally 
sealed and acceptance testing verifies that 
the seal works. 

(j) Tensile load. A tensile load test must 
demonstrate that a component satisfies all 
its performance specifications after being ex-
posed to tensile and compression loads of no 
less than twice the maximum predicted level 
during transportation and installation. In 
addition, the test load must satisfy one of 
the following where applicable: 

(1) For an explosive transfer system and its 
associated fittings, a pull of no less than 100 
pounds unless the launch operator estab-
lishes procedural controls or tests that pre-
vent or detect mishandling; 
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(2) For a destruct charge and its associated 
fittings, a pull of no less than 50 pounds; 

(3) For a flight radio frequency connector, 
a pull of no less than one-half the manufac-
turer specified limit; 

(4) For an electro-explosive device wire, a 
pull of no less than 18 pounds; or 

(5) For an electrical pin of an exploding 
bridgewire device, no less than an 18-pound 
force in axial and compression modes. 

(k) Handling drop of ordnance. A handling 
drop test must demonstrate that an ord-
nance component satisfies all its perform-
ance specifications after experiencing the 
more severe of the following: 

(1) The maximum predicted drop and re-
sulting impact that could occur and go unde-
tected during storage, transportation, or in-
stallation; or 

(2) A six-foot drop onto a representative 
surface in any orientation that could occur 
during storage, transportation, or installa-
tion. 

(l) Abnormal drop of ordnance. An abnormal 
drop test must demonstrate that an ord-
nance component does not initiate and al-
lows for safe disposal after experiencing the 
maximum predicted drop and resulting im-
pact onto a representative surface in any ori-
entation, that could occur during storage, 
transportation, or installation. The compo-
nent need not function after this drop. 

E417.11 QUALIFICATION OPERATING 
ENVIRONMENTS 

(a) General. This section applies to each 
qualification operating environment test or 
analysis identified by any table of this ap-
pendix. A qualification operating environ-
ment test must demonstrate that a compo-
nent satisfies all of its performance speci-
fications when subjected to each qualifica-
tion operating environment including each 
physical environment that the component 
will experience during acceptance testing, 
launch countdown, and flight. The test must 
employ each margin required by this section. 

(b) Qualification sinusoidal vibration. (1) A 
qualification sinusoidal vibration test or 
analysis of a component must demonstrate 
that the component and each connection to 
any item that attaches to the component 
satisfy all their performance specifications 
when subjected to the qualification sinus-
oidal vibration environment. The attached 
items must include any vibration or shock 
isolator, grounding strap, bracket, explosive 
transfer system, or cable to the first tie- 
down. Any cable that interfaces with the 
component during any test must be rep-
resentative of the cable used for flight. 

(2) The qualification sinusoidal vibration 
environment must be no less than 6dB great-
er than the maximum predicted sinusoidal 
vibration environment for no less than three 
times the maximum predicted duration. 

(3) The sinusoidal frequency must range 
from 50% lower than the maximum predicted 
frequency range to 50% higher than the max-
imum predicted frequency range. 

(4) Any test must satisfy all of the fol-
lowing: 

(i) The test must subject each of three mu-
tually perpendicular axes of the component 
to the qualification sinusoidal vibration en-
vironment, one axis at a time. For each axis, 
the duration of the vibration must be no less 
than three times the maximum predicted si-
nusoidal vibration duration. 

(ii) The sinusoidal sweep rate must be no 
greater than one-third the maximum pre-
dicted sweep rate; 

(iii) The sinusoidal vibration test ampli-
tude must have an accuracy of ±10%; and 

(iv) For any component that uses one or 
more shock or vibration isolators, the com-
ponent must undergo the test mounted on its 
isolator or isolators as a unit. Each isolator 
must satisfy the requirements of section 
E417.35. 

(5) Any analysis must demonstrate that 
the qualification random vibration environ-
ment of paragraph (c) of this section encom-
passes the qualification sinusoidal vibration 
environment. 

(c) Qualification random vibration. (1) A 
qualification random vibration test of a 
component must demonstrate that the com-
ponent and each connection to any item that 
attaches to the component satisfy all their 
performance specifications when subjected 
to the qualification random vibration envi-
ronment. The attached items must include 
any isolator, grounding strap, bracket, ex-
plosive transfer system, or cable to the first 
tie-down. Any cable that interfaces with the 
component during any test must be rep-
resentative of the cable used for flight. 

(2) For each component required by this 
appendix to undergo 100% acceptance test-
ing, the minimum qualification random vi-
bration environment must be no less than a 
3 dB margin greater than the maximum ac-
ceptance random vibration test environment 
for all frequencies from 20 Hz to 2,000 Hz. The 
minimum and maximum test environments 
must account for all the test tolerances to 
ensure that the test maintains the 3 dB mar-
gin. 

(3) For each component that is not re-
quired by this appendix to undergo 100% ac-
ceptance testing, the minimum qualification 
random vibration environment must be no 
less than a 4.5–dB margin greater than the 
greater of the maximum predicted random 
vibration environment or the minimum 
workmanship test levels of table E417.11–1 
for all frequencies from 20 Hz to 2000 Hz. The 
minimum qualification test environment 
must account for all the test tolerances to 
ensure that the test maintains the 4.5 dB 
margin. 
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(4) If a component is mounted on one or 
more shock or vibration isolators during 
flight, the component must undergo the 
qualification random vibration test while 
hard-mounted or isolator-mounted as fol-
lows: 

(i) Any qualification random vibration test 
with the component hard-mounted must sub-
ject the component to a qualification ran-
dom vibration environment that: 

(A) Accounts for the isolator attenuation 
and amplification due to the maximum pre-
dicted operating random vibration environ-
ment, including any thermal effects and ac-
celeration pre-load performance variability, 
and adds a 1.5 dB margin to account for any 
isolator attenuation variability; 

(B) Adds the required qualification random 
vibration margin of paragraph (c)(1) or (c)(2) 
of this section after accounting for the iso-
lator effects of paragraph (c)(4)(i)(A) of this 
section and accounts for all tolerances that 
apply to the isolator’s performance specifica-
tions to ensure that the qualification test 
margin is maintained; and 

(C) Is no less than the minimum workman-
ship screening qualification random vibra-
tion level of table E417.11–1. 

(ii) Any qualification random vibration 
test with the component isolator-mounted 
must: 

(A) Use an isolator or isolators that passed 
the tests required by section E417.35; 

(B) Have an input to each isolator of no 
less than the required qualification random 
vibration environment of paragraph (c)(1) or 
(c)(2) of this section; and 

(C) Subject the component to no less than 
the minimum workmanship screening quali-
fication random vibration level of table 
E417.11–1. If the isolator or isolators prevent 
the component from experiencing the min-
imum workmanship level, the component 
must undergo a test while hard-mounted 

that subjects the component to the work-
manship level. 

(5) The test must subject each component 
sample to the qualification random vibration 
environment in each of three mutually per-
pendicular axes. For each axis, the test must 
last three times as long as the acceptance 
test duration or a minimum workmanship 
qualification duration of 180 seconds, which-
ever is greater. 

(6) For a component sample that must ex-
perience the acceptance random vibration 
environment before it experiences the quali-
fication random vibration environment, such 
as a command receiver decoder, the test 
must use the same configuration and meth-
ods for the acceptance and qualification en-
vironments. 

(7) If the duration of the qualification ran-
dom vibration environment leaves insuffi-
cient time to complete any required per-
formance verification test while the compo-
nent is subjected to the full qualification en-
vironment, the test must continue at no less 
than the acceptance random vibration envi-
ronment. The test need only continue for the 
additional time needed to complete the per-
formance verification test. 

(8) The test must continuously monitor 
and record all performance and status-of- 
health parameters while the component is 
subjected to the qualification environment. 
This monitoring must have a sample rate 
that will detect any component performance 
degradation. Any electrical component must 
undergo the test while subjected to its nomi-
nal operating voltage. 

(9) A launch operator may substitute a 
random vibration test for another required 
dynamic test, such as acceleration, acoustic, 
or sinusoidal vibration if the launch operator 
demonstrates that the forces, displacements, 
and test duration imparted on a component 
during the random vibration test are no less 
severe than the other test environment. 
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(d) Qualification acoustic. (1) A qualification 
acoustic vibration test or analysis of a com-
ponent must demonstrate that the compo-
nent and each connection to any item that 
attaches to the component satisfy all their 
performance specifications when subjected 
to the qualification acoustic vibration envi-
ronment. The attached items must include 
any isolator, grounding strap, bracket, ex-
plosive transfer system, or cable to the first 
tie-down. Any cable that interfaces with the 
component during any test must be rep-
resentative of the cable used for flight. 

(2) For each component required by this 
appendix to undergo 100% acoustic accept-
ance testing, the minimum qualification 
acoustic vibration environment must be 
greater than the maximum acceptance 
acoustic vibration test environment for all 
frequencies from 20 Hz to 2000 Hz. The min-
imum and maximum test environments must 
account for all the test tolerances to ensure 
that the test maintains a positive margin be-
tween the minimum qualification environ-
ment and the maximum acceptance environ-
ment. For each acoustic vibration test re-
quired by this appendix to have a tolerance 
of ±3 dB, the qualification test level must be 
6 dB greater than the acceptance test level. 

(3) For each component that is not re-
quired by this appendix to undergo 100% ac-
ceptance testing, such as ordnance, the min-
imum qualification acoustic vibration envi-
ronment must be no less than a 3 dB margin 
greater than the maximum predicted acous-

tic vibration environment or a minimum 
workmanship screening test level of 144 dBA 
for all frequencies from 20 Hz to 2000 Hz. The 
minimum qualification test environment 
must account for all the test tolerances to 
ensure that the test maintains the 3 dB mar-
gin. For each acoustic vibration test re-
quired by this appendix to have a tolerance 
of ±3.0 dB, the qualification test level must 
be 6 dB greater than the greater of the max-
imum predicted environment or the min-
imum workmanship test level. 

(4) For any component that uses one or 
more shock or vibration isolators during 
flight, the component must undergo any 
qualification acoustic vibration test mount-
ed on its isolator or isolators as a unit. Each 
isolator must satisfy the test requirements 
of section E417.35. 

(5) Any test must continuously monitor 
and record all performance and status-of- 
health parameters while the component is 
subjected to the qualification environment. 
This monitoring must have a sample rate 
that will detect any component performance 
degradation. 

(6) Any analysis must demonstrate that 
the qualification random vibration test envi-
ronment of paragraph (c) of this section en-
compasses the qualification acoustic vibra-
tion environment. The analysis must dem-
onstrate that the qualification random vi-
bration environment is more severe than the 
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qualification acoustic vibration environ-
ment. The analysis must account for all 
peak vibration levels and durations. 

(e) Qualification shock. (1) A qualification 
shock test of a component must demonstrate 
that the component and each connection to 
any item that attaches to the component 
satisfies all their performance specifications 
when subjected to the qualification shock 
environment. The attached items must in-
clude any isolator, grounding strap, bracket, 
explosive transfer system, or cable to the 
first tie-down. Any cable that interfaces 
with the component during the test must be 
representative of the cable used for flight. 

(2) The minimum qualification shock envi-
ronment must be no less than a 3 dB margin 
plus the greater of the maximum predicted 
environment or the minimum breakup levels 
identified in table E417.11–2 for all fre-
quencies from 100 Hz to 10000 Hz. The min-
imum qualification test environment must 
account for all the test tolerances to ensure 
that the test maintains the 3dB margin. For 
a shock test required by this appendix to 
have a ±3 dB tolerance, the qualification test 
environment must be 6 dB greater than the 
greater of the maximum predicted shock en-

vironment or the minimum breakup test 
level. 

(3) The test must subject the component si-
multaneously to a shock transient and all 
the required frequencies. 

(4) The test must subject each component 
to three shocks in each direction along each 
of the three orthogonal axes. 

(5) The shock must last as long as the max-
imum predicted shock event. 

(6) The test must continuously monitor 
each component’s critical performance pa-
rameters for any discontinuity or inad-
vertent output while the component is sub-
jected to the shock environment. 

(7) The test must continuously monitor 
and record all performance and status-of- 
health parameters while the component is 
subjected to the qualification environment. 
This monitoring must have a sample rate of 
once every millisecond or better. 

(8) For any component that uses one or 
more shock or vibration isolators during 
flight, the component must undergo the 
qualification shock test mounted on its iso-
lator or isolators. Each isolator must satisfy 
the test requirements of section E417.35. 

(f) Qualification acceleration. (1) A qualifica-
tion acceleration test or analysis of a compo-
nent must demonstrate that the component 
and each connection to any item that at-
taches to the component satisfy all their 
performance specifications when subjected 
to the qualification acceleration environ-
ment. The attached items must include any 
isolator, grounding strap, bracket, explosive 
transfer system, or cable to the first tie- 
down. Any cable that interfaces with the 
component during any test must be rep-
resentative of the cable used for flight. 

(2) The qualification acceleration test en-
vironment must be no less than 200% greater 
than the maximum predicted acceleration 
environment. 

(3) The qualification acceleration must 
last three times as long as the maximum 
predicted environment lasts in each direc-
tion for each of the three orthogonal axes. 

(4) For any test, if the test tolerance is 
more than ±10%, the qualification accelera-
tion test environment of paragraph (f)(1) of 
this section must account for the test toler-
ance to ensure that the test maintains the 
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200% margin between the minimum quali-
fication acceleration test and the maximum 
predicted environment. 

(5) Any analysis must demonstrate that 
the qualification operating random vibration 
test required by paragraph (c) of this section 
encompasses the qualification acceleration 
environment. The analysis must dem-
onstrate that the qualification random vi-
bration environment is equal to or more se-
vere than the qualification acceleration en-
vironment. The analysis must account for 
the peak vibration and acceleration levels 
and durations. 

(6) Any test must continuously monitor 
and record all performance and status-of- 
health parameters while the component is 
subjected to the qualification environment. 
This monitoring must have a sample rate 
that will detect any component performance 
degradation. 

(7) For any component that uses one or 
more shock and vibration isolators during 
flight, the component must undergo any 
qualification acceleration test mounted on 
its isolator or isolators. Each isolator must 
satisfy the test requirements of section 
E417.35. 

(g) Qualification humidity. A qualification 
humidity test or analysis must demonstrate 
that a component satisfies all its perform-
ance specifications when subjected to the 
maximum predicted relative humidity envi-
ronment that the component could experi-
ence when stored, transported, or installed 
as follows: 

(1) The test or analysis must demonstrate 
the ability of all externally exposed surfaces 
to withstand the maximum predicted rel-
ative humidity environment. 

(2) The test or analysis must demonstrate 
the ability of each internal part of a compo-
nent to withstand the maximum predicted 
relative humidity environment unless the 
component is environmentally sealed and an 
acceptance test demonstrates that the seal 
works. 

(3) Each test must satisfy all of the fol-
lowing: 

(i) The test must subject the component to 
no less than four thermal cycles while the 
component is exposed to a relative humidity 
of no less than 95%; 

(ii) The test must measure each electrical 
performance parameter at the cold and hot 
temperatures during the first, middle and 
last thermal cycles; and 

(iii) The test must continuously measure 
and record all performance and status-of- 
health parameters with a resolution and 
sample rate that will detect any component 
performance degradation throughout each 
thermal cycle. 

(h) Qualification thermal cycle. A qualifica-
tion thermal cycle test must demonstrate 
that a component satisfies all its perform-
ance specifications when subjected to the 

qualification thermal cycle environment as 
follows: 

(1) Electronic components. For any command 
receiver decoder or other electronic compo-
nent that contains piece-part circuitry, such 
as microcircuits, transistors, diodes and re-
lays, a qualification thermal cycle test must 
satisfy all of the following: 

(i) The qualification thermal cycle envi-
ronment must range from 10 °C above the ac-
ceptance test high temperature to 10 °C 
below the acceptance test low temperature; 

(ii) The test must subject a component to 
no less than three times the acceptance- 
number of thermal cycles. For each compo-
nent, the acceptance-number of thermal cy-
cles must satisfy section E417.13(d)(1). For 
each cycle, the dwell-time at each of the 
high and low temperatures must last long 
enough for the component to achieve inter-
nal thermal equilibrium and must last no 
less than one hour. The test must begin each 
dwell-time at each high and low temperature 
with the component turned off. The compo-
nent must remain off until the temperature 
stabilizes. Once the temperature stabilizes, 
the component must be turned on and the 
test must complete each dwell-time with the 
component turned on; 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater; 

(iv) The test must measure all performance 
parameters with the component powered at 
its low and high operating voltages when the 
component is at ambient temperature before 
beginning the first thermal cycle and after 
completing the last cycle. The test must 
measure all performance parameters with 
the component powered at its low and high 
operating voltages when the component is at 
the high and low temperatures during the 
first, middle, and last thermal dwell cycles; 
and 

(v) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters during all cycles 
and thermal transitions and with the compo-
nent operating at its nominal operating volt-
age. The monitoring and recording must 
have a resolution and sample rate that will 
detect any component performance degrada-
tion. 

(2) Passive components. For any passive 
component that does not contain an active 
electronic piece-part, such as a radio fre-
quency antenna, coupler, or cable, a quali-
fication thermal cycle test must satisfy all 
of the following: 

(i) The qualification thermal cycle envi-
ronment must range from 10 °C above the ac-
ceptance test high temperature to 10 °C 
below the acceptance test low temperature; 

(ii) The test must subject a component to 
no less than three times the acceptance- 
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number of thermal cycles. For each compo-
nent, the acceptance-number of thermal cy-
cles must satisfy section E417.13(d)(1). For 
each cycle, the dwell-time at each high and 
low temperature must last long enough for 
the component to achieve internal thermal 
equilibrium and must last no less than one 
hour; 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater; 

(iv) The test must measure all performance 
parameters when the component is at ambi-
ent temperature before beginning the first 
thermal cycle and after completing the last 
cycle. The test must measure all perform-
ance parameters when the component is at 
the high and low temperatures during the 
first, middle, and last thermal cycles; and 

(v) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters with a resolution 
and sample rate that will detect any compo-
nent performance degradation during all cy-
cles and thermal transitions. 

(3) Safe-and-Arm Devices. For any electro- 
mechanical safe-and-arm device with an in-
ternal explosive, a qualification thermal 
cycle test must satisfy all of the following: 

(i) The qualification thermal cycle must 
range from 10 °C above the acceptance test 
high temperature to 10 °C below the accept-
ance test low temperature; 

(ii) The test must subject the component 
to no less than three times the acceptance- 
number of thermal cycles. For each compo-
nent, the acceptance-number of thermal cy-
cles must satisfy section E417.13(d)(1). For 
each cycle, the dwell-time at each high and 
low temperature must last long enough for 
the component to achieve internal thermal 
equilibrium and must last no less than one 
hour; 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater; 

(iv) The test must measure all performance 
parameters when the component is at ambi-
ent temperature before beginning the first 
thermal cycle. The test must measure all 
performance parameters when the compo-
nent is at the high and low temperatures 
during the first, middle, and last thermal cy-
cles. The test must measure all performance 
parameters when the component is at ambi-
ent temperature after completing the last 
cycle; and 

(v) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters during all tempera-
ture cycles and transitions using a resolu-
tion and sample rate that will detect any 
component performance degradation. 

(4) Ordnance components. For any ordnance 
component, a qualification thermal cycle 
test must satisfy all of the following: 

(i) The qualification thermal cycle must 
range from 10 °C above the predicted highest 
temperature, or 71 °C, whichever is higher, to 
10 °C below the predicted lowest tempera-
ture, or ¥54 °C, whichever is lower; 

(ii) The test must subject each ordnance 
component to no less than the acceptance- 
number of thermal cycles. For each compo-
nent, the acceptance-number of thermal cy-
cles must satisfy section E417.13(d)(1). For an 
ordnance component that is used inside a 
safe-and-arm device, the test must subject 
the component to three times the accept-
ance-number of thermal cycles. For each 
cycle, the dwell-time at each high and low 
temperature must last long enough for the 
component to achieve internal thermal equi-
librium and must last no less than two 
hours; and 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 3 °C per minute or the max-
imum predicted rate, whichever is greater. 

(i) Qualification thermal vacuum. A quali-
fication thermal vacuum test or analysis 
must demonstrate that a component satis-
fies all its performance specifications, in-
cluding structural integrity, when subjected 
to the qualification thermal vacuum envi-
ronment as follows: 

(1) The qualification thermal vacuum envi-
ronment must satisfy all of the following: 

(i) The thermal vacuum pressure gradient 
must equal or exceed the maximum pre-
dicted rate of altitude change that the com-
ponent will experience during flight; 

(ii) The final vacuum dwell-time must last 
long enough for the component to achieve 
pressure equilibrium and equal or exceed the 
greater of the maximum predicted dwell- 
time or 12 hours; 

(iii) During the final vacuum dwell-time, 
the environment must include no less than 
three times the maximum predicted number 
of thermal cycles; and 

(iv) Each thermal cycle must range from 10 
°C above the acceptance thermal vacuum 
range, to 10 °C below the acceptance thermal 
vacuum range. The acceptance thermal vac-
uum temperature range is described in sec-
tion E417.13(e); 

(2) Any test must satisfy all of the fol-
lowing: 

(i) The test must measure all performance 
parameters with the component powered at 
its low and high operating voltages when the 
component is at ambient temperature before 
beginning the first thermal cycle and after 
completing the last cycle; 

(ii) The test must measure all performance 
parameters while the component is powered 
at its low and high operating voltages when 
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the component is at the high and low tem-
peratures during the first, middle and last 
thermal cycles; 

(iii) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters during chamber 
pressure reduction and the final vacuum 
dwell-time, with the component at its high 
operating voltage and using a resolution and 
sample rate that will detect any component 
performance degradation; and 

(3) Any analysis must satisfy all of the fol-
lowing: 

(i) For any low voltage component of less 
than 50 volts, the analysis must demonstrate 
that the component is not susceptible to co-
rona, arcing, or structural failure; and 

(ii) For any high voltage component of 50 
volts or greater, the component must under-
go a thermal vacuum test unless the compo-
nent is environmentally sealed and the anal-
ysis demonstrates that any low voltage ex-
ternally exposed part is not susceptible to 
corona, arcing, or structural failure. A com-
ponent with any high voltage externally ex-
posed part of 50 volts or greater must under-
go a thermal vacuum test. 

(j) Electromagnetic interference and electro-
magnetic compatibility. An electromagnetic 
interference and electromagnetic compat-
ibility test must demonstrate that a compo-
nent satisfies all its performance specifica-
tions when subjected to radiated or con-
ducted emissions from all flight vehicle sys-
tems and external ground transmitter 
sources. In addition, the test must dem-
onstrate that the component does not radi-
ate or conduct electromagnetic interference 
that would degrade the performance of any 
other flight termination system component. 

(k) Explosive atmosphere. An explosive at-
mosphere test or analysis must demonstrate 
that a component is capable of operating in 
an explosive atmosphere without creating an 
explosion or that the component is not used 
in an explosive environment. 

E417.13 ACCEPTANCE TESTING AND ANALYSIS 

(a) General. This section applies to each ac-
ceptance test or analysis identified by any 
table of this appendix. An acceptance test or 
analysis must demonstrate that a compo-
nent does not have any material or work-
manship defect that could adversely affect 
the component’s performance and that the 
component satisfies all its performance spec-
ifications when subjected to each acceptance 
environment, including each workmanship 
and maximum predicted operating environ-
ment. 

(1) An acceptance test of a component 
must subject the component to one or more 
of the component’s maximum predicted envi-
ronments as determined under section 
D417.7. An acceptance test must not subject 
a component to a force or environment that 
is not tested during qualification testing. 

(2) Each component sample that is in-
tended for flight must undergo each accept-
ance test identified by any table of this ap-
pendix. A single-use component, such as ord-
nance or a battery, must undergo the pro-
duction lot sample acceptance tests identi-
fied by any tables of this appendix. 

(3) If a launch vehicle uses a previously 
flown and recovered flight termination sys-
tem component, the component must under-
go one or more reuse acceptance tests before 
each next flight to demonstrate that the 
component still satisfies all its performance 
specifications when subjected to each max-
imum predicted environment. Each reuse ac-
ceptance test must be the same as the initial 
acceptance test for the component’s first 
flight. Each reuse acceptance test must fol-
low a written component reuse qualification, 
refurbishment, and acceptance plan and pro-
cedures. Each acceptance reuse test must 
compare performance parameter measure-
ments taken during the test to all previous 
acceptance test measurements to ensure 
that the data show no trends that indicate 
any degradation in performance that could 
prevent the component from satisfying all 
its performance specifications during flight. 

(4) Each acceptance test of a component 
must use test tolerances that are consistent 
with the test tolerances used by each quali-
fication test of the component. 

(b) Acceptance random vibration. An accept-
ance random vibration test must dem-
onstrate that a component satisfies all its 
performance specifications when exposed to 
the acceptance random vibration environ-
ment as follows: 

(1) The acceptance random vibration envi-
ronment must equal or exceed the greater of 
the maximum predicted random vibration 
level or the minimum workmanship accept-
ance test level of table E417.13–1, for all fre-
quencies from 20 Hz to 2000 Hz, in each of 
three mutually perpendicular axes. 

(2) For each axis, the vibration must last 
the greater of three times the maximum pre-
dicted duration or a minimum workmanship 
screening level of 60 seconds. 

(3) For a component sample that undergoes 
qualification testing and must experience 
the acceptance environment before it experi-
ences the qualification environment, such as 
a command receiver decoder, the test must 
use the same configuration and methods for 
the acceptance and qualification random vi-
bration environments. An acceptance ran-
dom vibration test of a flight component 
sample must use a configuration and method 
that is representative of the component’s 
qualification tests to ensure that the re-
quirements of paragraph (a) of this section 
are satisfied. 

(4) For any component that is mounted on 
one or more vibration or shock isolators dur-
ing flight, the component must undergo the 
acceptance random vibration test in the 
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same isolator-mounted configuration or 
hard-mounted configuration as the compo-
nent’s qualification random vibration test as 
follows: 

(i) Any hard-mounted acceptance random 
vibration test must subject the component 
to an acceptance random vibration environ-
ment that: 

(A) Accounts for the isolator attenuation 
and amplification due to the maximum pre-
dicted operating random vibration environ-
ment, including any thermal effects and ac-
celeration pre-load performance variability, 
and adds a 1.5 dB margin to account for any 
isolator attenuation variability; and 

(B) Is no less than the minimum workman-
ship screening acceptance random vibration 
level of table E417.13–1. 

(ii) Any isolator-mounted acceptance ran-
dom vibration test must: 

(A) Use an isolator or isolators that passed 
the tests required by section E417.35; 

(B) Have an input to each isolator of no 
less than the required acceptance random vi-
bration environment of paragraphs (b)(1) and 
(b)(2) of this section; and 

(C) Subject the component to no less than 
the minimum workmanship screening ac-
ceptance random vibration level of table 
E417.13–1. If the isolator or isolators prevent 
the component from experiencing the min-
imum workmanship level, the component 
must undergo a hard-mount test that sub-
jects the component to the workmanship 
level. 

(5) If the duration of the acceptance ran-
dom vibration environment leaves insuffi-
cient time to complete any required per-
formance verification test while the compo-
nent is subjected to the full acceptance envi-
ronment, the test must continue at no lower 
than 6 dB below the acceptance environment. 
The test need only continue for the addi-
tional time needed to complete the perform-
ance verification test. 

(6) The test must continuously monitor all 
performance and status-of-health parameters 
with any electrical component at its nomi-
nal operating voltage. This monitoring must 
have a sample rate that will detect any com-
ponent performance degradation. 

(c) Acceptance acoustic vibration. An accept-
ance acoustic vibration test or analysis must 
demonstrate that a component satisfies all 
its performance specifications when exposed 
to the acceptance acoustic vibration envi-
ronment as follows: 

(1) The acceptance acoustic vibration envi-
ronment must satisfy all of the following: 

(i) The vibration level must equal or ex-
ceed the maximum predicted acoustic level 
for all frequencies from 20 Hz to 2,000 Hz in 
each of three mutually perpendicular axes; 
and 
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(ii) For each axis, the vibration must last 
the maximum predicted duration or 60 sec-
onds, whichever is greater. 

(2) Any test must satisfy all of the fol-
lowing: 

(i) The test must continuously monitor all 
performance and status-of-health parameters 
with any electrical component at its nomi-
nal operating voltage. This monitoring must 
have a sample rate that will detect any com-
ponent performance degradation; and 

(ii) If the duration of the acceptance acous-
tic vibration environment leaves insufficient 
time to complete any required performance 
verification test while the component is sub-
jected to the full acceptance environment, 
the test must continue at no lower than 6 dB 
below the acceptance environment. The test 
need only continue for the additional time 
needed to complete the performance 
verification test. 

(3) Any analysis must demonstrate that 
the acceptance random vibration environ-
ment of paragraph (b) of this section encom-
passes the acceptance acoustic vibration en-
vironment. The analysis must demonstrate 
that the peak acceptance random vibration 
levels and duration are equal to or are more 
severe than the acceptance acoustic vibra-
tion environment. 

(d) Acceptance thermal cycle. An acceptance 
thermal cycle test of a component must 
demonstrate that the component satisfies all 
its performance specifications when exposed 
to the acceptance thermal cycle environ-
ment as follows: 

(1) Acceptance-number of thermal cycles. The 
acceptance-number of thermal cycles for a 
component means the number of thermal cy-
cles that the component must experience 
during the test. The test must subject each 
component to no less than the greater of 
eight thermal cycles or 1.5 times the max-
imum number of thermal cycles that the 
component could experience during launch 
processing and flight, including all launch 
delays and recycling, rounded up to the near-
est whole number. 

(2) Electronic components. For any elec-
tronic component, an acceptance thermal 
cycle test must satisfy all of the following: 

(i) The acceptance thermal cycle environ-
ment must range from the higher of the 
maximum predicted environment high tem-
perature or 61 °C workmanship screening 
level, to the lower of the predicted low tem-
perature or a ¥24 °C workmanship screening 
level. 

(ii) The test must subject a component to 
no fewer than 10 plus the acceptance-number 
of thermal cycles. For each component, the 
acceptance-number of thermal cycles must 
satisfy this paragraph. For each cycle, the 
dwell-time at each high and low temperature 
must last long enough for the component to 
achieve internal thermal equilibrium and 
must last no less than one hour. The test 

must begin each dwell-time at each high and 
low temperature with the component turned 
off. The component must remain off until 
the temperature stabilizes. Once the tem-
perature stabilizes, the test must complete 
each dwell-time with the component turned 
on. 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater. 

(iv) The test must measure all performance 
parameters with the component powered at 
its low and high operating voltages when the 
component is at ambient temperature before 
beginning the first thermal cycle and after 
completing the last cycle. 

(v) The test must measure all performance 
parameters with the component at its low 
and high operating voltages when the compo-
nent is at the high and low temperatures 
during the first, middle, and last thermal cy-
cles. 

(vi) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters during all cycles 
and thermal transitions and with the compo-
nent at its nominal operating voltage. The 
monitoring and recording must have a reso-
lution and sample rate that will detect any 
component performance degradation. 

(3) Passive components. For any passive 
component that does not contain any active 
electronic piece-part, such as any radio fre-
quency antenna, coupler, or cable, an accept-
ance thermal cycle test must satisfy all of 
the following: 

(i) Unless otherwise noted, the acceptance 
thermal cycle environment must range from 
the higher of the maximum predicted envi-
ronment high temperature or a 61 °C work-
manship screening temperature, to the lower 
of the predicted lowest temperature or a ¥24 
°C workmanship screening temperature; 

(ii) The test must subject a component to 
no fewer than the acceptance-number of 
thermal cycles. For each component, the ac-
ceptance-number of thermal cycles must sat-
isfy this paragraph. For each cycle, the 
dwell-time at each high and low temperature 
must last long enough for the component to 
achieve internal thermal equilibrium and 
must last no less than one hour; 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater; 

(iv) The test must measure all performance 
parameters when the component is at ambi-
ent temperature before beginning the first 
thermal cycle and after completing the last 
cycle; 

(v) The test must measure all performance 
parameters when the component is at the 
high and low temperatures during the first, 
middle, and last thermal cycles; and 
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(vi) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters throughout each 
thermal cycle with a resolution and sample 
rate that will detect any component per-
formance degradation. 

(4) Safe-and-arm devices. For any electro- 
mechanical safe-and-arm device with an in-
ternal explosive, an acceptance thermal 
cycle test must satisfy all of the following: 

(i) The acceptance thermal cycle environ-
ment must range from the higher of the 
maximum predicted environment high tem-
perature or the minimum workmanship 
screening temperature of 61 °C to the lower 
of the predicted lowest temperature or the 
minimum workmanship screening tempera-
ture of ¥24 °C. 

(ii) The test must subject a component to 
no fewer than the acceptance-number of 
thermal cycles. For each component, the ac-
ceptance-number of thermal cycles must sat-
isfy this paragraph. For each cycle, the 
dwell-time at each high and low temperature 
must last long enough for the component to 
achieve internal thermal equilibrium and 
must last no less than one hour. 

(iii) When heating or cooling the compo-
nent, the temperature must change at an av-
erage rate of 1 °C per minute or the max-
imum predicted rate, whichever is greater. 

(iv) The test must measure all performance 
parameters when the component is at ambi-
ent temperature before beginning the first 
thermal cycle and after completing the last 
cycle. 

(v) The test must measure all performance 
parameters including each critical electrical 
parameter, when the component is at the 
high and low temperatures during the first, 
middle, and last thermal cycles. 

(vi) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters throughout each 
thermal cycle with a resolution and sample 
rate that will detect whether the component 
satisfies all its performance specifications. 

(e) Acceptance thermal vacuum. An accept-
ance thermal vacuum test or analysis must 
demonstrate that a component satisfies all 
its performance specifications when exposed 
to the acceptance thermal vacuum environ-
ment as follows: 

(1) The acceptance thermal vacuum envi-
ronment must satisfy all of the following: 

(i) The thermal vacuum pressure gradient 
must equal or exceed the maximum pre-
dicted rate of altitude change that the com-
ponent will experience during flight. The 
pressure gradient must allow for no less than 
ten minutes for reduction of chamber pres-
sure at the pressure zone from ambient pres-
sure to 20 Pascal; 

(ii) The final vacuum dwell-time must last 
long enough for the component to achieve 
pressure equilibrium and must last no less 

than the maximum predicted dwell-time or 
12 hours, whichever is greater; 

(iii) During the final vacuum dwell-time, 
the environment must include no less than 
the maximum predicted number of thermal 
cycles; and 

(iv) Each thermal cycle must range from 
the higher of the maximum predicted envi-
ronment high temperature or the workman-
ship screening high temperature of 61 °C, to 
the lower of the predicted low temperature 
or the workmanship screening low tempera-
ture of ¥24 °C. 

(2) Any test must satisfy all of the fol-
lowing: 

(i) The test must measure all performance 
parameters with the component powered at 
its low and high operating voltages when the 
component is at ambient temperature before 
beginning the first thermal cycle and after 
completing the last cycle. 

(ii) The test must measure all performance 
parameters with the component powered at 
its low and high operating voltages when the 
component is at the high and low tempera-
tures during the first, middle, and last ther-
mal cycles; and 

(iii) The test must continuously monitor 
all critical performance and status-of-health 
parameters during chamber pressure reduc-
tion and during the final vacuum dwell-time 
with the component at its high operating 
voltage. This monitoring must have a resolu-
tion and sample rate that will detect any 
component performance degradation. 

(3) Any analysis must satisfy all of the fol-
lowing: 

(i) For any low voltage component of less 
than 50 volts, any analysis must demonstrate 
that the component is not susceptible to co-
rona, arcing, or structural failure; and 

(ii) Any high voltage component of 50 volts 
or greater must undergo a thermal vacuum 
test unless the component is environ-
mentally sealed and the analysis dem-
onstrates that any low voltage externally ex-
posed part of less than 50 volts is not suscep-
tible to corona, arcing, or structural failure. 
A component with any high voltage exter-
nally exposed part must undergo an accept-
ance thermal vacuum test. 

(f) Tensile loads. An acceptance tensile load 
test of a component must demonstrate that 
the component is not damaged and satisfies 
all its performance specifications after expe-
riencing twice the maximum predicted pull- 
force that the component could experience 
before, during, or after installation. 

E417.15 ORDNANCE SERVICE-LIFE EXTENSION 
TESTING 

(a) General. This section applies to each 
service-life extension test of an ordnance 
component that is identified by any table of 
this appendix. A service-life extension test 
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must demonstrate that an ordnance compo-
nent will satisfy all its performance speci-
fications when subjected to non-operating 
and operating environments throughout its 
initial service-life and throughout any ex-
tension to the service-life. An ordnance com-
ponent must undergo a service-life extension 
test to extend its service-life if its initial 
service-life and any previous extension will 
expire before the component is used for 
flight. 

(b) Service-life. An ordnance component 
must undergo any service-life extension test 
before the component’s initial service-life 
expires and again before each service-life ex-
tension expires. The initial service-life of an 
ordnance component, including any compo-
nent that contains ordnance or is used to di-
rectly initiate ordnance, must start upon 
completion of the initial production lot sam-
ple acceptance tests and must include both 
storage time and time after installation 
until completion of flight. The test tables of 
this appendix identify the options for the 
length of any service-life extension for each 
type of ordnance component. 

(c) Test samples. The tables of this appendix 
identify the number of ordnance component 
samples that must undergo any service-life 
extension test. Each component sample must 
be: 

(i) From the same production lot; 

(ii) Consist of identical parts and mate-
rials; 

(iii) Manufactured through identical proc-
esses; and 

(iv) Stored with the flight ordnance com-
ponent or in an environment that duplicates 
the storage conditions of the flight ordnance 
component. 

E417.17 RADIO FREQUENCY RECEIVING SYSTEM 

(a) General. (1) This section applies to a 
radio frequency receiving system, which in-
cludes each flight termination system an-
tenna and radio frequency coupler and any 
radio frequency cable or other passive device 
used to connect a flight termination system 
antenna to a command receiver. 

(2) The components of a radio frequency re-
ceiving system must satisfy each test or 
analysis identified by any table of this sec-
tion to demonstrate that: 

(i) The system is capable of delivering 
command control system radio frequency en-
ergy to each flight termination system re-
ceiver; and 

(ii) The system satisfies all its perform-
ance specifications when subjected to each 
non-operating and operating environment 
and any performance degradation source. 
Such sources include any command control 
system transmitter variation, non-nominal 
launch vehicle flight condition, and flight 
termination system performance variation. 
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(b) Status-of-health. A status-of-health test 
of a radio frequency receiving system must 
satisfy section E417.3(f) and include antenna 
voltage standing wave ratio testing that 
measures the assigned operating frequency 
at the high and low frequencies of the oper-
ating bandwidth to verify that the antenna 
satisfies all its performance specifications. 

(c) Link performance. A link performance 
test of a radio frequency component or sub-
system must demonstrate that the compo-
nent or subsystem satisfies all its perform-
ance specifications when subjected to per-
formance degradation caused by ground 
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transmitter variations and non-nominal ve-
hicle flight. This must include dem-
onstrating all of the following: 

(1) The radio frequency receiving system 
provides command signals to each command 
destruct receiver at an electromagnetic field 
intensity of 12 dB above the level required 
for reliable receiver operation over 95% of 
the antenna radiation sphere surrounding 
the launch vehicle; 

(2) The radio frequency coupler insertion 
loss and voltage standing wave ratio at the 
assigned operating frequency and at the high 
and low frequencies of the operating band-
width satisfy all their performance specifica-
tions; and 

(3) The cable insertion loss at the assigned 
operating frequency and at the high and low 
frequencies of the operating bandwidth satis-
fies all its performance specifications. 

(d) Isolation. An isolation test of a radio 
frequency receiving system must dem-
onstrate that each of the system’s radio fre-
quency couplers isolate the redundant anten-
nas and receiver decoders from one another. 
The test must demonstrate that an open or 
short-circuit in one string of the redundant 
system, antenna or receiver decoder, will not 
prevent functioning of the other side of the 
redundant system. The test must dem-
onstrate that the system satisfies all its per-
formance specifications for isolation and is 
in-family. 

(e) Abbreviated status-of-health. An abbre-
viated status-of health test of a radio fre-
quency receiving system component must 
determine any internal anomaly while the 
component is under environmental stress 
conditions. The test must include continuous 
monitoring of the voltage standing wave 
ratio and any other critical performance pa-
rameter that indicates an internal anomaly 
during environmental testing to detect any 
variations in amplitude. Any amplitude vari-
ation constitutes a test failure. The moni-
toring must have a sample rate that will de-
tect any component performance degrada-
tion. 

(f) Antenna pattern. An antenna pattern 
test must demonstrate that the radiation 
gain pattern of the entire radio frequency re-
ceiving system, including the antenna, radio 
frequency cables, and radio frequency cou-
pler will satisfy all the system’s performance 
specifications during vehicle flight. This 
must include all of the following: 

(1) The test must determine the radiation 
gain pattern around the launch vehicle and 
demonstrate that the system is capable of 
providing command signals to each com-
mand receiver decoder with electromagnetic 
field intensity at a 12 dB link margin above 
the level required for reliable receiver oper-
ation. The test must demonstrate the 12–dB 
margin over 95 percent of the antenna radi-
ation sphere surrounding the launch vehicle. 

(2) All test conditions must emulate flight 
conditions, including ground transmitter po-
larization, using a simulated flight vehicle 
and a flight configured radio frequency com-
mand destruct system. 

(3) The test must measure the radiation 
gain for 360 degrees around the launch vehi-
cle in degree increments that are small 
enough to identify any deep pattern null and 
to verify that the required 12 dB link margin 
is maintained throughout flight. Each degree 
increment must not exceed two degrees. 

(4) The test must generate each antenna 
pattern in a data format that is compatible 
with the format needed to perform the flight 
safety system radio frequency link analysis 
required by § 417.329(h). 

(g) Abbreviated antenna pattern. An abbre-
viated antenna pattern test must determine 
any antenna pattern changes that might 
have occurred due to damage to an antenna 
resulting from exposure to test environ-
ments. This must include all of the fol-
lowing: 

(1) The antenna must undergo the test be-
fore and after exposure to the qualification 
or acceptance test environments. 

(2) The test must use a standard ground 
plane test fixture. The test configuration 
need not generate antenna pattern data that 
is representative of the actual system-level 
patterns. 

(3) The test must include gain measure-
ments in the 0° and 90° plane vectors and a 
conical cut at 80°. 

E417.19 COMMAND RECEIVER DECODER 

(a) General. A command receiver decoder 
must satisfy each test or analysis identified 
by any table of this section to demonstrate 
that the receiver decoder satisfies all its per-
formance specifications when subjected to 
each non-operating and operating environ-
ment and any command control system 
transmitter variation. 
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(b) Status-of-health. A status-of-health test 
of a command receiver decoder must satisfy 
section E417.3(f) and must measure each pin- 
to-pin and pin-to-case resistance, input cur-

rent, voltage standing wave ratio, and radio 
frequency threshold sensitivity. Each meas-
urement must demonstrate that all wiring 
and connectors are installed according to the 
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manufacturer’s design. The test must dem-
onstrate that each pin-to-pin and pin-to-case 
resistance satisfies its performance speci-
fication and is in-family. 

(c) Functional performance. A functional 
performance test must demonstrate that a 
command receiver decoder satisfies all the 
requirements for an electronic component of 
section D417.27 that apply to the receiver de-
coder. This test must: 

(1) Response time. Demonstrate that the re-
ceiver decoder satisfies all its performance 
specifications for response time, from receipt 
of destruct sequence to initiation of destruct 
output; 

(2) Input current. Monitor the input current 
into the receiver decoder to demonstrate re-
liable functioning of all internal compo-
nents. The test must demonstrate that the 
receiver decoder’s electrical characteristics 
satisfy all its performance specifications and 
are in-family; 

(3) Leakage current. Demonstrate that the 
maximum leakage current through any com-
mand output port is at a level that cannot 
degrade performance of down-string elec-
trical or ordnance initiation systems or re-
sult in an unsafe condition. The test must 
demonstrate no less than a 20–dB safety mar-
gin between the receiver leakage output and 
the lowest level that could degrade perform-
ance of down-string electrical or ordnance 
initiation systems or result in an unsafe con-
dition; 

(4) Output Functions. Function all receiver 
outputs to demonstrate that all the output 
performance specifications are satisfied. The 
test must include drawing the expected cur-
rent at the receiver’s low, nominal and high 
input specified voltages using output 
impedances that simulate the flight-config-
ured load. The test must demonstrate that a 
command receiver is capable of simulta-
neously outputting arm, destruct, and check 
channel signals; and 

(5) Warm Up Time. Demonstrate that the re-
ceiver decoder satisfies all its performance 
specifications after being powered for the 
manufacturer specified warm-up time. 

(d) Circuit protection. A circuit protection 
test must demonstrate that a receiver decod-
er’s circuit protection provides for the re-
ceiver decoder to satisfy all its performance 
specifications when subjected to any im-
proper launch processing, abnormal flight 
condition, or any non-flight termination sys-
tem vehicle component failure. This test 
must: 

(1) Abnormal voltage. Demonstrate that any 
circuit protection allows the receiver de-
coder to satisfy all its performance specifica-
tions when powered with the open circuit 
voltage of the receiver decoder’s power 
source for no less than twice the expected 
duration of the open circuit voltage and then 
when powered with the minimum input volt-
age of the loaded voltage of the power source 

for no less than twice the expected duration 
of the loaded voltage. The test must also 
demonstrate that the receiver decoder satis-
fies all its performance specifications when 
subjected to increasing voltage from zero 
volts to the nominal voltage and then de-
creasing voltage from nominal back to zero; 

(2) Power dropout. Demonstrate that, in the 
event of an input power dropout, any control 
or switching circuit that contributes to the 
reliable operation of a receiver decoder, in-
cluding solid-state power transfer switches, 
does not change state for 50 milliseconds or 
more; 

(3) Watchdog circuits. Demonstrate that any 
watchdog circuit satisfies all its perform-
ance specifications; 

(4) Output circuit protection. Demonstrate 
that the receiver decoder’s performance does 
not degrade when any of its monitoring cir-
cuits or non-destruct output ports are sub-
jected to a short circuit or the highest posi-
tive or negative voltage capable of being sup-
plied by the monitor batteries or other 
power supplies, for no less than five minutes; 

(5) Reverse polarity. Demonstrate that the 
receiver decoder satisfies all of its perform-
ance specifications when subjected to a re-
verse polarity voltage that could occur be-
fore flight, for no less than five minutes; and 

(6) Memory. Demonstrate by test or anal-
ysis that any memory device that is part of 
the receiver decoder satisfies all its perform-
ance specifications. The test or analysis 
must demonstrate that the data stored in 
memory is retained in accordance with the 
performance specifications. For any secure 
receiver decoder, the test or analysis must 
demonstrate that the command codes remain 
in memory for the specified time interval 
while the receiver decoder is not powered. 

(e) Radio frequency processing. 
(1) General. A radio frequency processing 

test must demonstrate that a receiver decod-
er’s radio frequency processing satisfies all 
its performance specifications when sub-
jected to command control system transmit-
ting equipment tolerances and flight gen-
erated signal degradation. The environment 
must include locally induced radio frequency 
noise sources, vehicle plume, the maximum 
predicted noise-floor, ground transmitter 
performance variations, and abnormal 
launch vehicle flight. 

(2) Tone-based system. For any tone-based 
system, a radio frequency processing test 
must demonstrate that the receiver decoder 
satisfies all the design requirements of sec-
tion D417.29(b) of appendix D of this part and 
must satisfy all of the following; 

(i) Decoder channel deviation. The test must 
demonstrate that the receiver decoder reli-
ably processes the intended tone deviated 
signal at the minimum and maximum num-
ber of expected tones. The test must dem-
onstrate that the receiver decoder satisfies 
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all its performance specifications when sub-
jected to a nominal tone deviation plus twice 
the maximum and minus half the minimum 
of the total combined tolerances of all appli-
cable radio frequency performance factors. 
The tone deviation must be no less than ± 3 
KHz per tone. 

(ii) Operational bandwidth. The testing 
must demonstrate that the receiver decoder 
satisfies all its performance specifications at 
twice the worst-case command control sys-
tem transmitter radio frequency shift, Dopp-
ler shifts of the carrier center frequency, and 
shifts in flight hardware center frequency 
during flight at the manufacturer guaran-
teed receiver sensitivity. The test must dem-
onstrate an operational bandwidth of no less 
than ± 45KHz. The test must demonstrate 
that the operational bandwidth accounts for 
any tone deviation and that the receiver sen-
sitivity does not vary by more than 3dB 
across the bandwidth. 

(iii) Radio frequency dynamic range. The 
test must demonstrate that the receiver de-
coder satisfies all its performance specifica-
tions when subjected to variations of the 
radio frequency input signal level that it will 
experience during checkout and flight. The 
test must subject the receiver decoder to no 
less than five uniformly distributed radio 
frequency input levels. The test must dem-
onstrate that the receiver outputs the de-
struct command from the radio frequency 
threshold level up to: 

(A) The maximum radio frequency level 
that it will experience from the command 
control system transmitter during checkout 
and flight plus a 3 dB margin; or 

(B) 13 dBm, whichever is greater. 
(iv) Capture ratio. The test must dem-

onstrate that the receiver cannot be cap-
tured by another transmitter with less than 
80% of the power of the command trans-
mitter system for the launch. The test must 
show that the application of any 
unmodulated radio frequency at a power 
level of up to 80% of the command control 
system transmitter’s modulated carrier sig-
nal does not capture the receiver or interfere 
with a signal from the command control sys-
tem. 

(v) Radio frequency monitor. The test must 
demonstrate that the receiver decoder’s 
monitoring circuit accurately monitors and 
outputs the strength of the radio frequency 
input signal and must satisfy all of the fol-
lowing: 

(A) The test must show that the output of 
the monitor circuit is directly related and 
proportional to the strength of the radio fre-
quency input signal from the threshold level 
to saturation. 

(B) The dynamic range of the radio fre-
quency input from the threshold level to 
saturation must be no less than 50 dB. The 
monitor circuit output from threshold to 

saturation must have a corresponding range 
that is greater than 18 dB. 

(C) The test must perform periodic samples 
sufficient to demonstrate that the monitor 
satisfies all its performance specifications. 

(D) The test must include the following 
radio frequency input levels: Quiescent; 
threshold; manufacturer guaranteed; begin-
ning of saturation; and 13 dBm. 

(E) The test must demonstrate that the 
slope of the monitor circuit output does not 
change polarity. 

(vi) Radio frequency threshold sensitivity. 
The test must determine the radio frequency 
threshold sensitivity or each receiver de-
coder output command to demonstrate reli-
able radio frequency processing capability. 
The threshold sensitivity values must satisfy 
all their performance specifications, be re-
peatable, and be in-family. In-family per-
formance may be met with a tolerance of ± 
dB. 

(vii) Noise level margin. The test must dem-
onstrate that the receiver decoder’s guaran-
teed input sensitivity is no less than 6 dB 
higher than the maximum predicted noise- 
floor. 

(viii) Voltage standing wave ratio. The test 
must demonstrate that any radio frequency 
losses within the receiver decoder interface 
to the antenna system satisfy the required 12 
dB margin. The test must determine the 
radio frequency voltage standing wave ratio 
at the high, low, and assigned operating fre-
quencies of the operating bandwidth and 
demonstrate that it satisfies its performance 
specifications and is in-family. The test 
must also demonstrate that the impedance 
of the radio frequency receiving system and 
the impedance of the receiver decoder are 
matched closely enough to ensure that the 
receiver decoder satisfies all its performance 
specifications. 

(ix) Decoder channel bandwidth. The test 
must demonstrate that the receiver decoder 
provides for reliable recognition of any com-
mand signal when subjected to variations in 
ground transmitter tone frequency and fre-
quency modulation deviation variations. The 
test must demonstrate that the receiver de-
coder satisfies all its performance specifica-
tions within the specified tone filter fre-
quency bandwidth using a frequency modu-
lated tone deviation from 2 dB to 20 dB above 
the measured threshold level. 

(x) Tone balance. For any secure receiver 
decoder, the test must demonstrate that the 
receiver decoder can reliably decode a valid 
command with an amplitude imbalance be-
tween two tones within the same message. 

(xi) Message timing. For any secure receiver 
decoder, the test must demonstrate that the 
receiver decoder functions reliably during 
any errors in timing caused by any ground 
transmitter tolerances. The test must dem-
onstrate that the receiver decoder can proc-
ess commands at twice the maximum and 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00687 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



678 

14 CFR Ch. III (1–1–08 Edition) Pt. 417, App. E 

one-half the minimum timing specification 
of the ground system. These tolerances must 
include character dead-time, character on- 
time and inter-message dead-time. 

(xii) Check tone. The test must dem-
onstrate that the decoding and output of a 
tone, such as a pilot tone or check tone, is 
representative of link and command closure. 
The test must also demonstrate that the 
presence or absence of the tone signal will 
have no effect on the receiver decoder’s com-
mand processing and output capability. 

(xiii) Self-test. The test must demonstrate 
that the receiver decoder’s self-test capa-
bility functions and satisfies all its perform-
ance specifications and does not inhibit 
functionality of the command destruct out-
put. The test must include initiating the 
self-test while issuing valid command out-
puts. 

(xiv) Reset. For any receiver decoder with a 
reset capability, the test must demonstrate 
that the reset will unlatch any command 
output that has been latched by a previous 
command. 

(f) Inadvertent command output. Each of the 
following inadvertent command output tests 
must demonstrate that the receiver decoder 
does not provide an output other than when 
it receives a valid command. 

(1) Dynamic stability. The test must dem-
onstrate that the receiver decoder does not 
produce an inadvertent output when sub-
jected to any radio frequency input short- 
circuit, open-circuit, or change in input volt-
age standing wave ratio. 

(2) Out of band rejection. The test must 
demonstrate that the receiver decoder does 
not degrade in performance when subjected 
to any out-of-band vehicle or ground trans-
mitter source that it could encounter from 
liftoff to the planned safe flight state. The 
test must ensure the receiver decoder does 
not respond to frequencies, from 10 MHz to 
1000 MHz except at the receiver specified 
operational bandwidth. The test must dem-
onstrate that the radio frequency rejection 
of out of band signals provides a minimum of 
60 dB beyond eight times the maximum spec-
ified operational bandwidth. The test fre-
quencies must include all expected inter-
fering transmitting sources using a min-
imum bandwidth of 20% of each transmitter 
center frequency, receiver image frequencies 
and harmonics of the assigned center fre-
quency. 

(3) Decoder channel bandwidth rejection. The 
test must demonstrate that the receiver de-
coder rejects any out-of-band command tone 
frequency. The test must demonstrate that 
each tone filter will not respond to another 
tone outside the specified tone filter fre-
quency bandwidth using a frequency modu-
lated tone deviation from 2 dB to 20 dB above 
the measured threshold level. 

(4) Adjacent tone decoder channel rejection. 
The test must demonstrate that none of the 

tone decoder channels responds to any adja-
cent frequency modulated tone channel when 
they are frequency modulated with a min-
imum of 150% of the expected tone deviation. 

(5) Logic sequence. The test must dem-
onstrate that the receiver issues the required 
commands when commanded and does not 
issue false commands during any abnormal 
logic sequence including issuing a destruct 
command prior to the arm command. 

(6) Destruct sequence. The test must dem-
onstrate that the receiver decoder requires 
two commanded steps to issue a destruct 
command. The test must demonstrate that 
the receiver processes an arm command as a 
prerequisite for the destruct command. 

(7) Receiver abnormal logic. The test must 
demonstrate that the receiver decoder will 
not respond to any combination of tones or 
tone pairs other than the correct command 
sequence. 

(8) Noise immunity. The test must dem-
onstrate that a receiver decoder will not re-
spond to a white noise frequency modulated 
radio frequency input at a minimum fre-
quency modulated deviation of 12 dB above 
the measured threshold deviation. 

(9) Tone drop. The test must demonstrate 
that the receiver decoder will not respond to 
a valid command output when one tone in 
the sequence is dropped. 

(10) Amplitude modulation rejection. The test 
must demonstrate that the receiver decoder 
will not respond to any tone or amplitude 
modulated noise when subjected to max-
imum pre-flight and flight input power lev-
els. An acceptance test must subject the re-
ceiver decoder to 50% amplitude modulation. 
A qualification test must subject the re-
ceiver decoder to 100% amplitude modula-
tion. 

(11) Decoder channel deviation rejection. The 
test must demonstrate that the receiver de-
coder does not inadvertently trigger on fre-
quency-modulated noise. The test must dem-
onstrate that the receiver decoder does not 
respond to tone modulations 10 dB below the 
nominal tone modulation. 

(g) Input current monitor. An input current 
monitor test must continuously monitor 
command receiver decoder power input cur-
rent during environmental stress conditions 
to detect any variation in amplitude. Any 
variation in input current indicates internal 
component damage and constitutes a test 
failure. Any fluctuation in nominal current 
draw when the command receiver decoder is 
in the steady state indicates internal compo-
nent damage and constitutes a test failure. 

(h) Output functions. An output functions 
test must subject the receiver decoder to the 
arm and destruct commands during environ-
mental stress conditions and continuously 
monitor all command outputs to detect any 
variation in amplitude. Any variation in out-
put level indicates internal component dam-
age and constitutes a test failure. 
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(i) Radio frequency level monitor. A radio 
frequency level monitor test must subject a 
receiver decoder to the guaranteed radio fre-
quency input power level during environ-
mental stress conditions and continuously 
monitor the radio frequency level monitor, 
also known as radio frequency signal 
strength, signal strength telemetry output, 
or automatic gain control. Any unexpected 
fluctuations or dropout constitutes a test 
failure. 

(j) Thermal performance. A thermal per-
formance test must demonstrate that the re-
ceiver decoder satisfies all its performance 
specifications when subjected to operating 
and workmanship thermal environments. 
The receiver decoder must undergo the ther-
mal performance test during a thermal cycle 
test and during a thermal vacuum test. The 
receiver decoder must undergo the thermal 
performance test at its low and high oper-
ating voltage while the receiver decoder is at 
the high and low temperatures during the 
first, middle, and last thermal cycles. The 
thermal performance test at each high and 
low temperature must include each of the 
following sub-tests of this section: 

(1) Response time, paragraph (c)(1) of this 
section; 

(2) Input current, paragraph (c)(2) of this 
section; 

(3) Output functions, paragraph (c)(4) of 
this section; 

(4) Decoder channel deviation, paragraph 
(e)(2)(i) of this section; 

(5) Operational bandwidth, paragraph 
(e)(2)(ii) of this section; 

(6) Radio frequency dynamic range, para-
graph (e)(2)(iii) of this section; 

(7) Capture ratio, paragraph (e)(2)(iv) of 
this section; 

(8) Radio frequency monitor, paragraph 
(e)(2)(v) of this section; 

(9) Message timing, paragraph (e)(2)(xi) of 
this section; 

(10) Check tone, paragraph (e)(2)(xii) of this 
section; and 

(11) Self test, paragraph (e)(2)(xiii) of this 
section. 

E417.21 SILVER-ZINC BATTERIES 

(a) General. This section applies to any sil-
ver-zinc battery that is part of a flight ter-
mination system. Any silver-zinc battery 
must satisfy each test or analysis identified 
by any table of this section to demonstrate 
that the battery satisfies all its performance 
specifications when subjected to each non- 
operating and operating environment. 
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(b) Cell capacity. 
(1) Single electrical cycle. For a sample sil-

ver-zinc cell from a battery that has only 
one charge-discharge cycle, a capacity test 
must satisfy all of the following: 

(i) The cell must undergo activation that 
satisfies paragraph (j) of this section; 

(ii) At the end of the manufacturer-speci-
fied wet stand time, the cell must undergo a 
discharge of the nameplate capacity; 

(iii) The test must then subject the cell to 
the electrical performance test of paragraph 
(k) of this section using the qualification 
electrical load profile described in paragraph 
(k)(7)(ii) of this section; 

(iv) The cell must then undergo a final dis-
charge to determine the positive and nega-
tive plate capacity; and 

(v) The test must demonstrate that each 
capacity satisfies the manufacturer’s speci-
fication and is in-family. 

(2) Multiple electrical cycles. For a silver- 
zinc cell from a battery that has more than 
one charge-discharge cycle, a capacity test 
must satisfy all of the following: 

(i) The cell must undergo activation that 
satisfies paragraph (j) of this section; 

(ii) The test must subject the cell to the 
maximum predicted number of charge-dis-
charge cycles that the battery will experi-
ence during normal operations; 

(iii) At the end of each cycle life after each 
charge, the test must satisfy all of the fol-
lowing: 

(A) The cell must undergo a discharge of 
the manufacturer’s nameplate capacity; 

(B) The cell must then undergo the elec-
trical performance test of paragraph (k) of 
this section using the qualification electrical 
load profile described in paragraph (k)(7)(ii) 
of this section; and 

(C) The cell must then undergo a discharge 
to determine the positive plate capacity; 

(iv) At the end of the cycle life of the last 
charge-discharge cycle, in addition to deter-
mining the positive plate capacity, the cell 
must undergo a discharge to determine the 
negative plate capacity; and 

(v) The test must demonstrate that each 
capacity for each cycle satisfies the manu-
facturer’s specification and is in-family. 

(c) Silver-zinc battery status-of-health tests. 
(1) 500-volt insulation. A 500-volt insulation 

test of a silver-zinc battery must satisfy the 
status-of-health test requirements of section 
E417.3(f). The test must measure insulation 
resistance between mutually insulated pin- 
to-pin and pin-to-case points using a min-
imum 500-volt workmanship voltage prior to 
connecting any battery harness to the cells. 
The test must measure the continuity of the 
battery harness after completion of all wir-
ing, but before battery activation to dem-
onstrate that the insulation and continuity 
resistances satisfy their performance speci-
fications. 

(2) Continuity and isolation. A continuity 
and isolation test of a silver zinc battery 
must satisfy the status-of-health test re-
quirements of section E417.3(f). The test 
must demonstrate that all battery wiring 
and connectors are installed according to the 
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manufacturer’s specifications. The test must 
measure all pin-to-pin and pin-to-case resist-
ances and demonstrate that each satisfies all 
its performance specifications and are in- 
family. 

(3) No-load voltage. A no-load voltage test 
must satisfy the status-of-health test re-
quirements of section E417.3(f). The test 
must demonstrate that each battery cell sat-
isfies its performance specification for volt-
age without any load applied. A battery 
must undergo this test just after introduc-
tion of electrolyte to each cell, after elec-
trical conditioning of the battery, before and 
after each electrical performance test and, 
for a flight battery, just before installation 
into the launch vehicle. 

(4) Pin-to-case isolation. A pin-to-case isola-
tion test must satisfy the status-of-health 
test requirements of section E417.3(f). The 
test must measure voltage isolation between 
each pin and the battery case to demonstrate 
that no current leakage path exists as a re-
sult of electrolyte leakage. This measure-
ment must use a voltmeter with an internal 
resistance of no less than 100K ohms and 
have a resolution that detects any leakage 
current of 0.1 milliamps or greater. 

(d) Proof pressure. 
(1) Cells. Each individual cell or each cell 

within a battery must undergo pressuriza-
tion to 1.5 times the worst case operating 
differential pressure or highest setting of the 
cell vent valve for no less than 15 seconds. 
The test must demonstrate that the leak 
rate satisfies its performance specification. 
After pressurization, each cell must remain 
sealed until activation. For a battery, the 
test must demonstrate the integrity of each 
cell seal when in the battery configuration. 

(2) Battery cases. Each battery case must 
undergo pressurization to 1.5 times the worst 
case operating differential pressure for no 
less than 15 minutes. The test must dem-
onstrate no loss of structural integrity and 
no hazardous condition. For any sealed bat-
tery, the test must demonstrate that the 
leak rate satisfies its performance specifica-
tion. 

(e) Electrolyte. A test of each electrolyte lot 
for battery activation must demonstrate 
that the electrolyte satisfies the manufac-
turer’s specifications, including volume and 
concentration. 

(f) Battery mounting and case integrity. A 
battery mounting and case integrity test 
must demonstrate that any welds in the bat-
tery’s mounting hardware or case are free of 
workmanship defects using X-ray examina-
tion that satisfies section E417.5(f). 

(g) Pre-activation. A pre-activation test 
must demonstrate that a battery or cell will 
not experience a loss of structural integrity 
or create a hazardous condition when sub-
jected to predicted operating conditions and 
all required margins. This must include all 
of the following: 

(1) The test must demonstrate that any 
battery or cell pressure relief device satisfies 
all its performance specifications; 

(2) The test must exercise 100% of all pres-
sure relief devices that can function repeat-
edly without degradation; and 

(3) The test must demonstrate that each 
pressure relief device opens within ± 10% of 
its performance specification. 

(h) Monitoring capability. A monitoring ca-
pability test must demonstrate that each de-
vice that monitors a silver-zinc battery’s 
voltage, current, or temperature satisfies all 
its performance specifications. 

(i) Heater circuit verification. A heater cir-
cuit verification test must demonstrate that 
any battery heater, including its control cir-
cuitry, satisfies all its performance speci-
fications. 

(j) Activation. 
(1) The activation of a battery or cell must 

follow a procedure that is approved by the 
manufacturer and includes the manufactur-
er’s activation steps. 

(2) The activation procedure and equip-
ment for acceptance testing must be equiva-
lent to those used for qualification and stor-
age life testing. 

(3) The activation procedure must include 
verification that the electrolyte satisfies the 
manufacturer’s specification for percentage 
of potassium hydroxide. 

(4) The quantity of electrolyte for activa-
tion of the batteries and cells for any quali-
fication test must satisfy all of the fol-
lowing: 

(i) One of the three required qualification 
battery samples and six of the 12 required in-
dividual qualification cell samples must un-
dergo activation with no less than the manu-
facturer specified maximum amount of elec-
trolyte; and 

(ii) One of the three required qualification 
battery samples and six of the 12 required in-
dividual qualification cell samples must un-
dergo activation with no greater than the 
manufacturer specified minimum amount of 
electrolyte. 

(k) Electrical performance. An electrical per-
formance test must demonstrate that a bat-
tery or cell satisfies all its performance spec-
ifications and is in-family while the battery 
is subjected to the electrical load profile de-
scribed in paragraph (k)(7) of this section 
and include all of the following: 

(1) The test must demonstrate that the 
battery or cell supplies the required current 
while maintaining the required voltage regu-
lation that satisfies the manufacturer’s spec-
ifications and is in family with previous test 
results; 

(2) The test must monitor each of the bat-
tery or cell’s critical electrical performance 
parameters; including voltage, current, and 
temperature, with a resolution and sample 
rate that detects any failure to satisfy a per-
formance specification. For a battery, the 
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test must monitor the battery’s performance 
parameters and the voltage of each cell with-
in the battery. During the current pulse por-
tion of the load profile, the voltage moni-
toring must have a sample rate of once every 
0.1 millisecond or better; 

(3) The test must measure a battery or 
cell’s no-load voltage before and after the ap-
plication of any load to the battery or cell; 

(4) A silver-zinc battery or cell must under-
go this test after the battery or cell is acti-
vated and after the manufacturer’s specified 
soak period; 

(5) The test must demonstrate that the 
battery or cell voltage does not fall below 
the voltage needed to provide the minimum 
acceptance voltage of each electronic compo-
nent that the battery powers while the bat-
tery or cell is subjected to the steady state 
portion of the load profile; 

(6) The test must demonstrate that the 
battery or cell voltage does not fall below 
the voltage needed to provide the minimum 
qualification voltage of each electronic com-
ponent that the battery powers while the 
battery or cell is subjected to the pulse por-
tion of the load profile; and 

(7) The test load profile must satisfy one of 
the following: 

(i) For acceptance testing, the load profile 
must begin with a steady-state flight load 
that lasts for no less than 180 seconds fol-
lowed without interruption by a current 
pulse. The pulse width must be no less than 
1.5 times the ordnance initiator qualification 
pulse width or a minimum workmanship 
screening pulse width of 100 milliseconds, 
whichever is greater. The pulse amplitude 
must be no less than 1.5 times the ordnance 
initiator qualification pulse amplitude. After 
the pulse, the acceptance load profile must 
end with the application of a steady-state 
flight load that lasts for no less than 15 sec-
onds; or 

(ii) For qualification testing or any storage 
life testing, the load profile must begin with 
a steady-state flight load that lasts for no 
less than 180 seconds followed by a current 
pulse. The pulse width must be no less than 
three times the ordnance initiator qualifica-
tion pulse width or a minimum workmanship 
screening pulse width of 200 milliseconds, 
whichever is greater. The pulse amplitude 
must be no less than 1.5 times the ordnance 
initiator qualification pulse amplitude. After 
the pulse, the qualification load profile must 
end with a steady-state flight load that lasts 
for no less than 15 seconds. 

(l) Activated stand time. An activated stand 
time test must demonstrate that a silver- 
zinc battery or cell satisfies all its perform-
ance specifications after it is activated and 
subjected to the environments that the bat-
tery or cell will experience from the time it 
is activated until flight. This must include 
all of the following: 

(1) The test environment must simulate 
the pre-flight battery or cell conditioning 
environments, including the launch vehicle 
installation environment; 

(2) The test environment must simulate 
the worst case temperature exposure and any 
thermal cycling, such as due to any freezer 
storage, and any diurnal cycling on the 
launch vehicle; 

(3) The test must measure the battery or 
cell’s open-circuit voltage at the beginning 
and again at the end of the activated stand 
time to demonstrate that it satisfies its per-
formance specifications; and 

(4) The test must apply an electrical load 
to the battery or cell at the end of the acti-
vated stand time to demonstrate whether 
the battery or cell is in a peroxide or mon-
oxide chemical state that satisfies its per-
formance specifications before undergoing 
any other operating environmental test. 

(m) Overcharge. An overcharge test only 
applies to a battery or cell that undergoes 
charging during normal operations. The test 
must demonstrate that the battery or cell 
satisfies all its performance specifications 
when subjected to an overcharge of no less 
than the manufacturer’s specified over-
charge limit using the nominal charging 
rate. 

(n) Charge-discharge cycles. This test only 
applies to a battery or cell that undergoes 
charging during normal operations. The test 
must satisfy all of the following: 

(1) The test must subject the battery or 
cell sample to the maximum predicted num-
ber of charge-discharge cycles that the bat-
tery or cell will experience during normal 
operations; 

(2) After activation, each battery or cell 
sample must undergo three thermal cycles at 
the end of the first cycle life and three ther-
mal cycles at the end of each cycle life after 
each intermediate charge before the final 
charge; 

(3) During each set of three thermal cycles 
for each charge-discharge cycle, the test 
must satisfy the thermal cycle test require-
ments of paragraphs (o)(2)–(o)(5) of this sec-
tion; 

(4) For a battery, after the three thermal 
cycles for each charge-discharge cycle, the 
battery must undergo a pin-to-case isolation 
test that satisfies paragraph (c)(4) of this 
section; 

(5) Each battery or cell must undergo a dis-
charge of its nameplate capacity before each 
charge; and 

(6) The battery or cell must undergo any 
further operating environment tests only 
after the final charge. 

(o) Thermal cycle. A thermal cycle test 
must demonstrate that a silver-zinc battery 
or cell satisfies all its performance specifica-
tions when subjected to pre-flight thermal 
cycle environments, including acceptance 
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testing, and flight thermal cycle environ-
ments. This must include all of the fol-
lowing: 

(1) The test must subject the battery or 
cell to no less than the acceptance-number of 
thermal cycles that satisfies section 
E417.13(d)(1); 

(2) The thermal cycle environment must 
satisfy all of the following: 

(i) Each thermal cycle must range from 10 
°C above the maximum predicted tempera-
ture range to 5.5 °C below. If the launch vehi-
cle’s telemetry system does not provide the 
battery’s temperature before and during 
flight as described in section D417.17(b)(9), 
each thermal cycle must range from 10 °C 
above the maximum predicted temperature 
range to 10 °C below; 

(ii) For each cycle, the dwell-time at each 
high and low temperature must last long 
enough for the battery or cell to achieve in-
ternal thermal equilibrium and must last no 
less than one hour; and 

(iii) When heating and cooling the battery 
or cell, the temperature change at a rate 
that averages 1 °C per minute or the max-
imum predicted rate, whichever is greater; 

(3) Each battery or cell must undergo the 
electrical performance test of paragraph (k) 
of this section when the battery or cell is at 
ambient temperature before beginning the 
first thermal cycle and after completing the 
last cycle; 

(4) Each battery or cell must undergo the 
electrical performance test of paragraph (k) 
of this section, at the high and low tempera-
tures during the first, middle and last ther-
mal cycles; and 

(5) The test must continuously monitor 
and record all critical performance and sta-
tus-of-health parameters, including the bat-
tery or cell’s open circuit voltage, during all 
thermal cycle dwell times and transitions 
with a resolution and sample rate that will 
detect any performance degradation. 

(p) Discharge and pulse capacity. A dis-
charge and pulse capacity test must dem-
onstrate that a silver zinc battery or cell 
satisfies all its electrical performance speci-
fications at the end of its specified capacity 
limit for the last operating charge and dis-
charge cycle. The test must include all of the 
following: 

(1) The battery or cell must undergo dis-
charge at flight loads until the total capac-
ity consumed during this discharge and dur-
ing all previous qualification tests reaches 
the manufacturer’s specified capacity. 

(2) The test must demonstrate that the 
total amount of capacity consumed during 
the discharge test and all previous qualifica-
tion tests satisfies the battery or cell’s min-
imum performance specification. 

(3) After satisfying paragraphs (p)(1) and 
(p)(2) of this section, the test must measure 
the battery or cell’s no-load voltage and then 

apply a qualification load profile that satis-
fies all of the following: 

(i) The load profile must begin with a 
steady state flight load for no less than 180 
seconds followed by a current pulse; 

(ii) The pulse width must be no less than 
three times the ordnance initiator qualifica-
tion pulse width or a minimum workmanship 
screening pulse width of 200 milliseconds; 
whichever is greater; 

(iii) The pulse amplitude must be no less 
than 1.5 times the ordnance initiator quali-
fication pulse amplitude; and 

(iv) After the pulse, the qualification load 
profile must end with a steady state flight 
load that lasts for no less than 15 seconds. 

(4) The test must monitor each of the bat-
tery or cell’s critical electrical performance 
parameters; including voltage, current, and 
temperature, with a resolution and sample 
rate that detects any failure to satisfy a per-
formance specification. For a battery, the 
test must monitor the battery’s performance 
parameters and the voltage of each cell with-
in the battery. During the current pulse por-
tion of the load profile, the voltage moni-
toring must have sample rate that will de-
tect any component performance degrada-
tion. 

(5) The test must demonstrate that the 
battery or cell voltage does not fall below 
the voltage needed to provide the minimum 
acceptance voltage of each electronic compo-
nent that the battery powers while the bat-
tery or cell is subjected to the steady state 
portion of the load profile. 

(6) The test must demonstrate that the 
battery or cell voltage does not fall below 
the voltage needed to provide the minimum 
qualification voltage of each electronic com-
ponent that the battery powers while the 
battery or cell is subjected to the pulse por-
tion of the load profile. 

(7) After satisfying paragraphs (p)(1) 
through (p)(6) of this section, the battery or 
cell must undergo a complete discharge and 
the test must demonstrate that the total sil-
ver plate capacity is in-family. 

(q) Internal inspection. An internal inspec-
tion must identify any excessive wear or 
damage to a silver-zinc battery, including 
any of its cells, or an individual cell after 
the battery or cell is exposed to all the quali-
fication test environments. An internal in-
spection must satisfy section E417.5(g) and 
include all of the following: 

(1) An internal examination of any battery 
to verify that there was no movement of any 
component within the battery that could 
stress that component beyond its design 
limit during flight: 

(2) An examination to verify the integrity 
of all cell and wiring interconnects. 

(3) An examination to verify the integrity 
of all potting and shimming materials. 
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(4) The removal of all cells from the bat-
tery and examination of each cell for any 
physical damage. 

(5) A destructive physical analysis to 
verify the integrity of all plate tab to cell 
terminal connections and the integrity of 
each plate and separator. For each battery 
sample required to undergo all the qualifica-
tion tests, one cell from each corner and two 
cells from the middle of the battery must un-
dergo the destructive physical analysis. For 
storage life testing, one of the two cells re-
quired to undergo all the storage life tests 
must undergo destructive physical analysis. 
The inspection must verify the integrity of 
each plate tab, identify any anomaly in each 
plate, including its color or shape, and iden-
tify any anomaly in each separator, includ-
ing its condition, silver migration, and any 
oxalate crystals. 

(6) A test that demonstrates that the zinc 
plate capacity of the cells satisfies the man-
ufacturer’s specification. For each battery 
sample required to undergo all the qualifica-
tion tests, the test must determine the zinc 
plate capacity for three cells from the bat-
tery, other than the cells of paragraph (q)(5) 
of this section. For storage life testing, the 
test must determine the zinc plate capacity 
for one cell that is required to undergo all 
the storage life tests, other than the cell of 
paragraph (q)(5) of this section. 

(r) Coupon cell acceptance. A coupon cell ac-
ceptance test must demonstrate that the sil-
ver zinc cells that make up a flight battery 
were manufactured the same as the quali-
fication battery cells and satisfy all their 
performance specifications after being sub-
jected to the environments that the battery 
experiences from the time of manufacture 
until activation and installation. This must 
include all of the following: 

(1) One test cell that is from the same pro-
duction lot as the flight battery, with the 
same lot date code as the cells in the flight 
battery, must undergo the test. 

(2) The test cell must have been attached 
to the battery from the time of the manufac-
turer’s acceptance test and have experienced 
the same non-operating environments as the 
battery. 

(3) The test must occur immediately before 
activation of the flight battery. 

(4) The test cell must undergo activation 
that satisfies paragraph (j) of this section. 

(5) The test cell must undergo discharge at 
a moderate rate, using the manufacturer’s 
specification, undergo two qualification load 
profiles of paragraph (k)(7)(ii) of this section 
at the nameplate capacity, and then undergo 
further discharge until the minimum manu-
facturer specified voltage is achieved. The 
test must demonstrate that the cell’s amp- 
hour capacity and voltage characteristics 
satisfy all their performance specifications 
and are in-family. 

(6) For a silver-zinc battery that will un-
dergo charging during normal operations, 
the test cell must undergo the requirements 
of paragraph (r)(5) of this section for each 
qualification charge-discharge cycle. The 
test must demonstrate that the cell capacity 
and electrical characteristics satisfy all 
their performance specifications and are in 
family for each charge-discharge cycle. 

E417.22 COMMERCIAL NICKEL-CADMIUM 
BATTERIES 

(a) General. This section applies to any 
nickel-cadmium battery that uses one or 
more commercially produced nickel-cad-
mium cells and is part of a flight termi-
nation system. 

(1) Compliance. Any commercial nickel-cad-
mium battery must satisfy each test or anal-
ysis identified by any table of this section to 
demonstrate that the battery satisfies all its 
performance specifications when subjected 
to each non-operating and operating environ-
ment. 

(2) Charging and discharging of nickel-cad-
mium batteries and cells. Each test required by 
any table of this section that requires a 
nickel-cadmium battery or cell to undergo a 
charge or discharge must include all of the 
following: 

(i) The rate of each charge or discharge 
must prevent any damage to the battery or 
cell and provide for the battery or cell’s elec-
trical characteristics to remain consistent. 
Unless otherwise specified, the charge or dis-
charge rate used for qualification testing 
must be identical to the rate that the flight 
battery experiences during acceptance and 
preflight testing; 

(ii) A discharge of a cell must subject the 
cell to the discharge rate until the cell volt-
age reaches no greater than 0.9 volt. A dis-
charge of a battery, must subject the battery 
to the discharge rate until the battery volt-
age reaches no greater than 0.9 volt times 
the number of cells in the battery. Any dis-
charge that results in a cell voltage below 0.9 
volt must use a discharge rate that is slow 
enough to prevent cell damage or cell rever-
sal. Each discharge must include monitoring 
of voltage, current, and time with sufficient 
resolution and sample rate to determine ca-
pacity and demonstrate that the battery or 
cell is in-family; 

(iii) A charge of a battery or cell must sat-
isfy the manufacturer’s charging specifica-
tions and procedures. The charging input to 
the battery or cell must be no less than 160% 
of the manufacturer’s specified capacity. The 
charge rate must not exceed C/10 unless the 
launch operator demonstrates that a higher 
charge rate does not damage the battery or 
cell and results in repeatable battery or cell 
performance. The cell voltage must not ex-
ceed 1.55 volts during charging to avoid cre-
ating a hydrogen gas explosion hazard; and 
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(iv) The test must monitor each of the bat-
tery or cell’s critical electrical performance 
parameters with a resolution and sample 
rate to detect any failure to satisfy a per-
formance specification. For a battery, the 
test must monitor the battery’s performance 

parameters and those of each cell within the 
battery. During the current pulse portion of 
the load profile, the monitoring must have a 
resolution and sample rate that will detect 
any component performance degradation. 
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(b) Venting devices. A test of a battery or 
cell venting device must demonstrate that 
the battery or cell will not experience a loss 
of structural integrity or create a hazardous 
condition when subjected to any electrical 
discharge, charging, or short-circuit condi-
tion and satisfy the following paragraphs: 

(1) Reusable venting devices. For a venting 
device that is capable of functioning repeat-
edly without degradation, such as a vent 
valve, the test must exercise the device and 
demonstrate that it satisfies all its perform-
ance specifications. 

(2) Non-reusable venting devices. For a vent-
ing device that does not function repeatedly 
without degradation, such as a burst disc, 
the test must exercise a lot sample to dem-

onstrate that the venting device satisfies all 
its performance specifications. The test 
must demonstrate that each device sample 
vents within ±10% of the manufacturer speci-
fied average vent pressure with a maximum 
vent pressure no higher than 350 pounds per 
square inch. 

(c) Cell inspection and preparation. A cell in-
spection and preparation must: 

(1) Record the manufacturer’s lot-code; 
(2) Demonstrate that the cell is clean and 

free of manufacturing defects; 
(3) Use a chemical indicator to dem-

onstrate that the cell has no leak; and 
(4) Discharge each cell to no greater than 

0.9 volt using a discharge rate that will not 
cause damage to the cell. 
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(d) Cell conditioning. Conditioning of a 
nickel-cadmium cell must stabilize the cell 
and ensure repeatable electrical performance 
throughout the cell’s service-life. Condi-
tioning of a cell must include both of the fol-
lowing: 

(1) Before any testing, each cell must age 
for no less than 11 months after the manu-
facturer’s lot date code to ensure consistent 
electrical performance of the cell for its en-
tire service-life; and 

(2) After aging, each cell must undergo a 
first charge at a charging rate of no greater 
than its capacity divided by 20 (C/20), to 
initialize the chemistry within the cell. Any 
battery stored for over one month after the 
first charge must undergo recharging at the 
same rate. 

(e) Cell characterization. Characterization of 
a nickel-cadmium cell must stabilize the cell 
chemistry and determine the cell’s capacity. 
A cell characterization must satisfy both of 
the following: 

(1) Each cell must repeatedly undergo 
charge and discharge cycles until the capac-
ities for three consecutive cycles agree to 
within 1% of each other; and 

(2) During characterization, each cell must 
remain at a temperature of 20 °C ± 2 °C to en-
sure that the cell is not overstressed and to 
allow repeatable performance. 

(f) Charge retention. A charge retention test 
must demonstrate that a nickel-cadmium 
battery or cell consistently retains its 
charge and provides its required capacity, in-
cluding the required capacity margin, from 
the final charge used prior to flight to the 
end of flight. The test must satisfy the sta-
tus-of-heath test requirements of §E417.3(f) 
and satisfy all of the following steps in the 
following order: 

(1) The test must begin with the battery or 
cell fully charged. The battery or cell must 
undergo an immediate capacity discharge to 
develop a baseline capacity for comparison 
to its charge retention performance; 

(2) The battery or cell must undergo com-
plete charging and then storage at 20 °C ± 2 
°C for 72 hours; 

(3) The battery or cell must undergo dis-
charging to determine its capacity; and 

(4) The test must demonstrate that each 
cell or battery’s capacity is greater than 90% 
of the baseline capacity of paragraph (f)(1) of 
this section and the test must demonstrate 
that the capacity retention is in-family. 

(g) Capacity and overcharge at 0 °C. A 0 °C 
test of a nickel-cadmium cell must validate 
the cell’s chemistry status-of-health and de-
termine the cell’s capacity when subjected to 
a high charge efficiency temperature. The 
test must include all of the following: 

(1) Each cell must undergo repeated charge 
and discharge cycles at 0 °C ± 2 °C until all 
the capacities for three consecutive cycles 
agree to within 1% of each other; and 

(2) After the charge and discharge cycles of 
paragraph (g)(1) of this section, each cell 
must undergo an inspection to demonstrate 
that it is not cracked. 

(h) Post acceptance discharge and storage. 
Post acceptance discharge and storage of a 
nickel-cadmium battery or cell must prevent 
any damage that could affect electrical per-
formance. This must include all of the fol-
lowing: 

(1) Any battery must undergo discharge to 
a voltage between 0.05 volts and 0.9 volts to 
prevent cell reversal, allow safe handling, 
and minimize any aging degradation; 

(2) Any individual cell must undergo dis-
charge to no greater than 0.05 volts to allow 
safe handling and minimize any aging deg-
radation; 

(3) After the discharge, each battery or cell 
must undergo storage in an open circuit con-
figuration and under storage conditions that 
protect against any performance degradation 
and are consistent with the qualification 
tests. This must include a storage tempera-
ture of no greater than 5 °C. 

(i) Cycle life. A cycle life test of a nickel- 
cadmium cell or battery must demonstrate 
that the cell or battery satisfies all its per-
formance specifications for no less than five 
times the number of operating charge and 
discharge cycles expected of the flight bat-
tery, including acceptance testing, pre-flight 
checkout, and flight. 

(j) Status-of-health. A status-of-health test 
of a nickel-cadmium battery must satisfy 
section E417.3(f) and include continuity and 
isolation measurements that demonstrate 
that all battery wiring and connectors are 
installed according to the manufacturer’s 
specifications. The test must also measure 
all pin-to-pin and pin-to-case resistances to 
demonstrate that each satisfies all its per-
formance specifications and are in-family. 

(k) Battery case integrity. A battery case in-
tegrity test of a sealed nickel-cadmium bat-
tery must demonstrate that the battery will 
not lose structural integrity or create a haz-
ardous condition when subjected to all pre-
dicted operating conditions and all required 
margins and that the battery’s leak rate sat-
isfies all its performance specifications. This 
must include all of the following: 

(1) The test must monitor the battery’s 
pressure while subjecting the battery case to 
no less than 1.5 times the greatest operating 
pressure differential that could occur under 
qualification testing, pre-flight, or flight 
conditions; 

(2) The pressure monitoring must have a 
resolution and sample rate that allows accu-
rate determination of the battery’s leak 
rate; 

(3) The test must demonstrate that the 
battery’s leak rate is no greater than the 
equivalent of 10¥4 scc/sec of helium; and 

(4) The battery must undergo examination 
to identify any condition that indicates that 
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the battery might loose structural integrity 
or create a hazardous condition. 

(l) Monitoring capability. A monitoring ca-
pability test must demonstrate that each de-
vice that monitors a nickel-cadmium bat-
tery’s voltage, current, or temperature satis-
fies all its performance specifications. 

(m) Heater circuit verification. A heater cir-
cuit verification test must demonstrate that 
any battery heater, including its control cir-
cuitry, satisfies all its performance speci-
fications. 

(n) Electrical performance. An electrical per-
formance test of a nickel-cadmium battery 
or cell must demonstrate that the battery or 
cell satisfies all its performance specifica-
tions and is in-family while the battery or 
cell is subjected to an acceptance or quali-
fication electrical load profile. The test must 
also demonstrate that the battery or cell 
satisfies all its electrical performance speci-
fications at the beginning, middle, and end of 
its specified preflight and flight capacity 
plus the required margin. The test must in-
clude and satisfy each of the following: 

(1) The test must measure a battery or 
cell’s no-load voltage before applying any 
load to ensure it is within the manufactur-
er’s specification limits. 

(2) The test must demonstrate that the 
battery or cell voltage does not violate the 
manufacturer’s specification limits while the 
battery or cell is subjected to the steady- 
state flight load. The test must also dem-
onstrate that the battery provides the min-
imum acceptance voltage of each electronic 
component that the battery powers. 

(3) The test must demonstrate that the 
battery or cell supplies the required current 
while maintaining the required voltage regu-
lation that satisfies the manufacturer’s spec-
ification. The test must demonstrate that 
the battery or cell voltage does not fall 
below the voltage needed to provide the min-
imum qualification voltage of each elec-
tronic component that the battery powers 
while the battery or cell is subjected to the 
pulse portion of the load profile. The test 
must subject the battery or cell to one of the 
following load profiles: 

(i) For acceptance testing, the test load 
profile must satisfy all of the following: 

(A) The load profile must begin with a 
steady-state flight load that lasts for no less 
than 180 seconds followed without interrup-
tion by a current pulse; 

(B) The pulse width must be no less than 
1.5 times the ordnance initiator qualification 
pulse width or a minimum workmanship 
screening pulse width of 100 milliseconds, 
whichever is greater; 

(C) The pulse amplitude must be no less 
than 1.5 times the ordnance initiator quali-
fication pulse amplitude; and 

(D) After the pulse, the acceptance load 
profile must end with a steady state flight 
load that lasts for no less than 15 seconds. 

(ii) For qualification testing, the test load 
profile must satisfy all of the following: 

(A) The load profile must begin with a 
steady-state flight load that lasts for no less 
than 180 seconds followed by a current pulse; 

(B) The pulse width must be no less than 
three times the ordnance initiator qualifica-
tion pulse width or a minimum workmanship 
screening pulse width of 200 milliseconds, 
whichever is greater; 

(C) The pulse amplitude must be no less 
than 1.5 times the ordnance initiator quali-
fication pulse amplitude; and 

(D) After the pulse, the qualification load 
profile must end with a steady-state flight 
load that lasts for no less than 15 seconds. 

(4) The test must repeat, satisfy, and ac-
complish paragraphs (n)(1)–(n)(3) of this sec-
tion with the battery or cell at each of the 
following levels of charge-discharge and in 
the following order: 

(A) Fully charged; 
(B) After the battery or cell undergoes a 

discharge that removes 50% of the capacity 
required for launch and all required margins; 
and 

(C) After the battery or cell undergoes a 
discharge that removes an additional 50% of 
the capacity required for launch. 

(5) The test must subject the battery or 
cell the a final discharge that determines the 
remaining capacity. The test must dem-
onstrate that the total capacity removed 
from the battery during all testing, includ-
ing this final discharge, satisfies all the bat-
tery’s performance specifications and is in- 
family. 

(o) Acceptance thermal cycle. An acceptance 
thermal cycle test must demonstrate that a 
nickel-cadmium battery satisfies all it per-
formance specifications when subjected to 
workmanship and maximum predicted ther-
mal cycle environments. This must include 
each of the following: 

(1) The acceptance-number of thermal cy-
cles for a component means the number of 
thermal cycles that the component must ex-
perience during the acceptance thermal 
cycle test. The test must subject each com-
ponent to no less than eight thermal cycles 
or 1.5 times the maximum number of ther-
mal cycles that the component could experi-
ence during launch processing and flight, in-
cluding all launch delays and recycling, 
rounded up to the nearest whole number, 
whichever is greater. 

(2) The acceptance thermal cycle high tem-
perature must be a 30 °C workmanship 
screening level or the maximum predicted 
environment high temperature, whichever is 
higher. The acceptance thermal cycle low 
temperature must be a ¥24 °C workmanship 
screening temperature or the predicted envi-
ronment low temperature, whichever is 
lower; 

(3) When heating or cooling the battery 
during each cycle, the temperature must 
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change at an average rate of 1 °C per minute 
or the maximum predicted rate, whichever is 
greater. The dwell time at each high and low 
temperature must be long enough for the 
battery to achieve internal thermal equi-
librium and must be no less than one hour. 

(4) The test must measure all of a battery’s 
critical status-of-health parameters at the 
thermal extremes on all cycles and during 
thermal transition to demonstrate that the 
battery satisfies all its performance speci-
fications. The battery must undergo moni-
toring of its open circuit voltage throughout 
the test to demonstrate that it satisfies all 
its performance specifications throughout 
testing. The sample rate must be once every 
10 seconds or more often. 

(5) The battery must undergo an electrical 
performance test that satisfies paragraph (n) 
of this section while the battery is at the 
high, ambient, and low temperatures, during 
the first, middle, and last thermal cycles. 

(6) If either the workmanship high or low 
temperature exceeds the battery’s maximum 
predicted operating temperature range and 
the battery is not capable of passing the 
electrical performance test at the workman-
ship temperature, the battery may undergo 
the electrical performance test at an interim 
temperature during the cycle. This must in-
clude all of the following: 

(i) Any interim high temperature must be 
no less than the maximum predicted high 
temperature; 

(ii) Any interim low temperature must be 
no greater than the maximum predicted low 
temperature; 

(iii) The dwell-time at any interim tem-
perature must be long enough for the battery 
to reach thermal equilibrium; and 

(iv) After any electrical performance test 
at an interim temperature, the thermal 
cycle must continue until the battery 
reaches its workmanship temperature. 

(p) Qualification thermal cycle. A qualifica-
tion thermal cycle test must demonstrate 
that a nickel-cadmium battery satisfies all 
its performance specifications when sub-
jected to pre-flight, acceptance test, and 
flight thermal cycle environments. This 
must include each of the following: 

(1) The test must subject the fully charged 
battery to no less than three times the ac-
ceptance-number of thermal cycles of para-
graph (o)(1) of this section. 

(2) The qualification thermal cycle high 
temperature must be a 40 °C workmanship 
screening level or the maximum predicted 
environment high temperature plus 10 °C, 
whichever is higher. The qualification ther-
mal cycle low temperature must be a ¥34 °C 
workmanship screening temperature or the 
predicted environment low temperature 
minus 10 °C, whichever is lower. 

(3) When heating or cooling the battery 
during each cycle, the temperature must 
change at an average rate of 1 °C per minute 

or the maximum predicted rate, whichever is 
greater. The dwell time at each high and low 
temperature must be long enough for the 
battery to achieve internal thermal equi-
librium and must be no less than one hour. 

(4) The test must measure the battery’s 
critical status-of-health parameters at the 
thermal extremes on all cycles and during 
thermal transition to demonstrate that the 
battery satisfies all its performance speci-
fications. The battery must undergo moni-
toring of its open circuit voltage throughout 
the test to demonstrate that it satisfies all 
it performance specifications. The sample 
rate must be once every 10 seconds or more 
often. 

(5) The battery must undergo an electrical 
performance test that satisfies paragraph (n) 
of this section while the battery is at the 
high, ambient, and low temperatures, during 
the first, middle, and last thermal cycles. 

(6) If either the workmanship high or low 
temperature exceeds the battery’s maximum 
predicted operating temperature range and 
the battery is not capable of passing the 
electrical performance test at the workman-
ship temperature, the battery may undergo 
the discharge and pulse capacity test at an 
interim temperature during the cycle. This 
must include all of the following: 

(i) Any interim high temperature must be 
no less than the maximum predicted high 
temperature plus 10 °C; 

(ii) Any interim low temperature must be 
no greater than the maximum predicted low 
temperature minus 10 °C; 

(iii) The dwell-time at any interim tem-
perature must last long enough for the bat-
tery to reach thermal equilibrium; and 

(iv) After any electrical performance test 
at an interim temperature, the thermal 
cycle must continue to the workmanship 
temperature. 

(q) Operational stand time. An operational 
stand time test must demonstrate that a 
nickel-cadmium battery will maintain its re-
quired capacity, including all required mar-
gins, from the final charge that the battery 
receives before flight until the planned safe 
flight state. This must include each of the 
following: 

(1) The battery must undergo a charge to 
full capacity and then an immediate capac-
ity discharge to establish a baseline capacity 
for comparison to the capacity after the bat-
tery experiences the operational stand time. 

(2) The battery must undergo a charge to 
full capacity. The test must then subject the 
battery to the maximum predicted pre-flight 
temperature for the maximum operating 
stand time between final battery charging to 
the planned safe flight state while in an open 
circuit configuration. The maximum oper-
ating stand time must account for all launch 
processing and launch delay contingencies 
that could occur after the battery receives 
its final charge. 
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(3) After the maximum operating stand 
time has elapsed, the battery must undergo 
a capacity discharge to determine any capac-
ity loss due to any self-discharge by com-
paring the operational stand time capacity 
with the baseline capacity in paragraph 
(q)(1) of this section. 

(4) The test must demonstrate that the 
battery’s capacity, including all required 
margins, and any loss in capacity due to the 
operational stand time satisfy all associated 
performance specifications. 

(r) Internal inspection. An internal inspec-
tion of a nickel-cadmium battery must iden-
tify any excessive wear or damage to the 
battery, including any of its cells, after the 
battery is exposed to all the qualification 
test environments. An internal inspection 
must satisfy section E417.5(g) and include all 
of the following: 

(1) An internal examination to verify that 
there was no movement of any component 
within the battery that stresses that compo-
nent beyond its design limit; 

(2) An examination to verify the integrity 
of all cell and wiring interconnects; 

(3) An examination to verify the integrity 
of all potting and shimming materials; 

(4) The removal of all cells from the bat-
tery and examination of each cell for any 
physical damage; 

(5) A test with a chemical indicator to 
demonstrate that none of the cells leaked; 
and 

(6) Destructive physical analysis of one cell 
from each corner and one cell from the mid-
dle of each battery that undergoes all the 
qualification tests. The destructive physical 
analysis must verify the integrity of all con-
nections between all plate tabs and cell ter-
minals, and the integrity of each plate and 
separator. 

(s) Cell leakage. A leakage test of a cell 
must demonstrate the integrity of the cell 
case seal using one of the following ap-
proaches: 

(1) Leak test 1: 
(i) The test must measure each cell’s 

weight to 0.001 grams to create a baseline for 
comparison. 

(ii) The test must subject each cell, fully 
charged, to a vacuum of less than 10¥2 torr 

for no less than 20 hours. While under vacu-
um, the cell must undergo charging at a C/20 
rate. The test must control each cell’s tem-
perature to ensure that its does not exceed 
the cell’s maximum predicted thermal envi-
ronment. 

(iii) The test must measure each cell’s 
weight after the 20-hour vacuum and dem-
onstrate that the cell does not experience a 
weight loss greater than three-sigma from 
the average weight loss for each cell in the 
lot. 

(iv) Any cell that fails the weight-loss test 
of paragraph (h)(3) of this section must un-
dergo cleaning and discharge. The cell must 
then undergo a full charge and then inspec-
tion with a chemical indicator. If the chem-
ical indicator shows that the cell has a leak, 
a launch operator may not use the cell in 
any further test or flight. 

(2) Leak test 2: 
(i) The cell must develop greater than one 

atmosphere differential pressure during the 0 
°C capacity and overcharge test of paragraph 
(g) of this section. 

(ii) After the 0 °C capacity and overcharge 
test of paragraph (g) of this section, the cell 
must undergo a full charge and then inspec-
tion with a chemical indicator. If the chem-
ical indicator shows that the cell has a leak, 
a launch operator may not use the cell in 
any further test or flight. 

E417.23 MISCELLANEOUS COMPONENTS 

This section applies to any component that 
is critical to the reliability of a flight termi-
nation system and is not otherwise identified 
by this appendix. This includes any new 
technology or any component that may be 
unique to the design of a launch vehicle, 
such as any auto-destruct box, current lim-
iter, or timer. A miscellaneous component 
must satisfy each test or analysis identified 
by any table of this section to demonstrate 
that the component satisfies all its perform-
ance specifications when subjected to each 
non-operating and operating environment. 
For any new or unique component, the 
launch operator must identify any additional 
test requirements necessary to ensure its re-
liability. 
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E417.25 SAFE-AND-ARM DEVICES, ELECTRO-EX-
PLOSIVE DEVICES, ROTOR LEADS, AND BOOST-
ER CHARGES 

(a) General. This section applies to any 
safe-and-arm device that is part of a flight 
termination system, including each electro- 
explosive device, rotor lead, or booster 

charge used by the safe-and-arm device. Any 
safe-and-arm device, electro-explosive de-
vice, rotor lead, or booster charge must sat-
isfy each test or analysis identified by any 
table of this section to demonstrate that it 
satisfies all its performance specifications 
when subjected to each non-operating and 
operating environment. 
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(b) Safe-and-arm device status-of-health. A 
safe-and-arm device status-of-health test 
must satisfy section E417.3(f). This must in-
clude measuring insulation resistance from 
pin-to-pin and pin-to-case, safe-and-arm 
transition time, and bridgewire resistance 
consistency through more than one safe-and- 
arm transition cycle. 

(c) Safe-and-arm transition. This test must 
demonstrate that the safe-and-arm transi-
tion, such as rotational or sliding operation, 
satisfies all its performance specifications. 
This must include all of the following: 

(1) The test must demonstrate that the 
safe-and-arm monitors accurately determine 
safe-and-arm transition and whether the 
safe-and-arm device is in the proper configu-
ration; 

(2) The test must demonstrate that a safe- 
and-arm device is not susceptible to inad-
vertent initiation or degradation in perform-
ance of the electro-explosive device during 
pre-flight processing; and 

(3) The test must demonstrate the ability 
of a safe-and-arm device to satisfy all its 
performance specifications when subjected 
to five times the maximum predicted num-
ber of safe-to-arm and arm-to-safe cycles. 

(d) Stall. A stall test must demonstrate 
that a safe-and-arm device satisfies all its 
performance specifications after being 
locked in its safe position and subjected to 
an operating arming voltage for the greater 
of: 

(i) Five minutes; or 
(ii) The maximum time that could occur 

inadvertently and the device still be used for 
flight. 

(e) Safety tests. The following safety tests 
must demonstrate that a safe-and-arm de-
vice can be handled safely: 

(1) Containment. A containment test must 
demonstrate that a safe-and-arm device will 
not fragment when any internal electro-ex-
plosive device or rotor charge is initiated. A 
safe-and-arm device must undergo the test in 
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the arm position and with any shipping cap 
or plug installed in each output port. 

(2) Barrier functionality. A barrier 
functionality test must demonstrate that, 
when in the safe position, if a safe-and-arm 
device’s internal electro-explosive device is 
initiated, the ordnance output will not prop-
agate to an explosive transfer system. This 
demonstration must include all of the fol-
lowing: 

(i) The test must consist of firings at high 
and low temperature extremes, the explosive 
transfer system must be configured for 
flight; 

(ii) Each high-temperature firing must be 
initiated at the manufacturer specified high 
temperature or a 71 °C workmanship screen-
ing level, whichever is higher; and 

(iii) Each low-temperature firing must be 
initiated at the manufacturer specified low 
temperature or a ¥54 °C workmanship 
screening level, whichever is lower. 

(3) Extended stall. An extended stall test 
must demonstrate that a safe-and-arm de-
vice does not initiate when locked in its safe 
position and is subjected to a continuous op-
erating arming voltage for the maximum 
predicted time that could occur accidentally 
or one hour, whichever is greater. 

(4) Manual safing. A manual safing test 
must demonstrate that a safe-and-arm de-
vice can be manually safed in accordance 
with all its performance specifications. 

(5) Safing-interlock. A safing-interlock test 
must demonstrate that when a safe-and-arm 
device’s safing-interlock is in place and oper-
ational arming current is applied, the inter-
lock prevents arming in accordance with all 
the interlock’s performance specifications. 

(6) Safing verification. A safing verification 
test must demonstrate that, while a safe- 
and-arm device is in the safe position, any 
internal electro-explosive device will not ini-
tiate if the safe-and-arm device input circuit 
is accidentally subjected to a firing voltage, 
such as from a command receiver or inad-
vertent separation destruct system output. 

(f) Thermal performance. A thermal per-
formance test must demonstrate that a safe- 
and-arm device satisfies all its performance 
specifications when subjected to operating 
and workmanship thermal environments. 
This demonstration must include all of the 
following: 

(1) The safe-and-arm device must undergo 
the test while subjected to each required 
thermal environment; 

(2) The test must continuously monitor the 
bridgewire continuity with the safe-and-arm 
device in its arm position to detect each and 
any variation in amplitude. Any variation in 
amplitude constitutes a test failure; 

(3) The test must measure the bridgewire 
resistance for the first and last thermal 
cycle during the high and low temperature 
dwell times to demonstrate that the 

bridgewire resistance satisfies the manufac-
turer specification; 

(4) The test must subject the safe-and-arm 
device to five safe-and-arm cycles and meas-
ure the bridgewire continuity during each 
cycle to demonstrate that the continuity is 
consistent; and 

(5) The test must measure the safe-and- 
arm cycle time to demonstrate that it satis-
fies the manufacturer specification. 

(g) Dynamic performance. A dynamic per-
formance test must demonstrate that a safe- 
and-arm device satisfies all its performance 
specifications when subjected to the dy-
namic operational environments, such as vi-
bration and shock. This demonstration must 
include all of the following: 

(1) The safe-and-arm device must undergo 
the test while subjected to each required dy-
namic operational environment; 

(2) The test must continuously monitor the 
bridgewire continuity with the safe-and-arm 
device in the arm position to detect each and 
any variation in amplitude. Any amplitude 
variation constitutes a test failure. The 
monitoring must have a sample rate that 
will detect any component performance deg-
radation; 

(3) The test must continuously monitor 
each safe-and-arm device monitor circuit to 
detect each and any variation in amplitude. 
Any variation in amplitude constitutes a 
test failure. This monitoring must have a 
sample rate that will detect any component 
performance degradation; and 

(4) The test must continuously monitor the 
safe-and-arm device to demonstrate that it 
remains in the fully armed position through-
out all dynamic environment testing. 

(h) Electro-explosive device status-of-health. 
An electro-explosive device status of health 
test must satisfy section E417.3(f). The test 
must include measuring insulation resist-
ance and bridgewire continuity. 

(i) Static discharge. A static discharge test 
must demonstrate that an electro-explosive 
device can withstand an electrostatic dis-
charge that it could experience from per-
sonnel or conductive surfaces without firing 
and still satisfy all its performance speci-
fications. The test must subject the electro- 
explosive device to the greater of: 

(1) A 25k-volt, 500-picofarad pin-to-pin dis-
charge through a 5k-ohm resistor and a 25k- 
volt, 500-picofarad pin-to-case discharge with 
no resistor; or 

(2) The maximum predicted pin-to-pin and 
pin-to-case electrostatic discharges. 

(j) Firing tests. 
(1) General. Each firing test of a safe-and- 

arm device, electro-explosive device, rotor 
lead, or booster charge must satisfy all of 
the following: 

(i) The test must demonstrate the initi-
ation and transfer of all ordnance charges 
and that the component does not fragment. 
For a safe-and-arm device that has more 
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than one internal electro-explosive device, 
each firing test must also demonstrate that 
the initiation of one internal electro-explo-
sive device does not adversely affect the per-
formance of any other internal electro-explo-
sive device; 

(ii) The number of component samples that 
the test must fire and the test conditions, in-
cluding firing current and temperature must 
satisfy each table of this section; 

(iii) Before initiation, each component 
sample must experience the required tem-
perature for enough time to achieve thermal 
equilibrium; 

(iv) Each test must measure ordnance out-
put using a measuring device, such as a swell 
cap or dent block, to demonstrate that the 
output satisfies all its performance specifica-
tions; and 

(v) Each test of a safe-and-arm device or 
electro-explosive device must subject each 
sample device to a current source that dupli-
cates the operating output waveform and im-
pedance of the flight current source. Each 
test of a rotor lead or booster charge must 
subject the component to an energy source 
that simulates the flight energy source. 

(2) All-fire current. Each all-fire current 
test must subject each component sample to 
the manufacturer’s specified all-fire current 
value. 

(3) Operating current. Each operating cur-
rent test must subject each component sam-
ple to the launch vehicle operating current 
value if known at the time of testing. If the 
operating current is unknown, the test must 
use no less than 200% of the all-fire current 
value. 

(4) 22-amps current. This test must subject 
each component sample to a firing current of 
22 amps. 

(5) Ambient-temperature. This test must ini-
tiate each ordnance sample while it is sub-
jected to ambient-temperature. 

(6) High-temperature. Each high-tempera-
ture test must initiate each ordnance sample 
while it is subjected to the qualification 
high-temperature level or a +71 °C workman-
ship screening level, whichever is higher. 

(7) Low-temperature. Each low-temperature 
test must initiate each ordnance sample 
while it is subjected to the qualification low- 
temperature level or a ¥54 °C workmanship 
screening level, whichever is lower. 

(k) Radio frequency impedance. This test 
must determine the radio frequency imped-
ance of an electro-explosive device for use in 
any flight termination system radio fre-
quency susceptibility analysis. 

(l) Radio frequency sensitivity. This test 
must consist of a statistical firing series of 
electro-explosive device lot samples to deter-
mine the radio frequency no-fire energy level 
for the remainder of the lot. The firing series 
must determine the highest continuous radio 
frequency energy level to which the device 
can be subjected and not fire with a reli-

ability of 0.999 at a 95% confidence level. Any 
demonstrated radio frequency no-fire energy 
level that is less than the level used in the 
flight termination system design and anal-
ysis constitutes a test failure. 

(m) No-fire energy level. This test must con-
sist of a statistical firing series of electro-ex-
plosive device lot samples to determine the 
no-fire energy level for the remainder of the 
lot. The firing series must determine the 
highest electrical energy level at which the 
device will not fire with a reliability of 0.999 
at a 95% confidence level when subjected to 
a continuous current pulse. Any dem-
onstrated no-fire energy level that is less 
than the no-fire energy level used in the 
flight termination system design and anal-
ysis constitutes a test failure. 

(n) All-fire energy level. This test must con-
sist of a statistical firing series of electro-ex-
plosive device lot samples to determine the 
all-fire energy level for the remainder of the 
lot. This firing series must determine the 
lowest electrical energy level at which the 
device will fire with a reliability of 0.999 at 
a 95% confidence level when subjected to a 
current pulse that simulates the launch ve-
hicle flight termination system firing char-
acteristics. Any demonstrated all-fire energy 
level that exceeds the all-fire energy level 
used in the flight termination system design 
and analysis constitutes a test failure. 

(o) Barrier alignment. A barrier alignment 
test must consist of a statistical firing series 
of safe-and-arm device samples. The test 
must demonstrate that the device’s safe to 
arm transition motion provides for ordnance 
initiation with a reliability of 0.999 at a 95% 
confidence level. The test must also dem-
onstrate that the device’s arm to safe transi-
tion motion provides for no ordnance initi-
ation with a reliability of 0.999 at a 95% con-
fidence level. This test may employ a reus-
able safe-and-arm subassembly that simu-
lates the flight configuration. 

(p) No-fire verification. This test must dem-
onstrate that a flight configured electro-ex-
plosive device will not inadvertently initiate 
when exposed to the maximum predicted cir-
cuit leakage current and will still satisfy all 
its performance specifications. The test 
must subject each sample electro-explosive 
device to the greater of: 

(1) The worst-case leakage current level 
and duration that could occur in an oper-
ating condition; or 

(2) One amp/one watt for five minutes. 
(q) Auto-ignition. This test must dem-

onstrate that an electro-explosive device 
does not experience auto-ignition, sublima-
tion, or melting when subjected to any high- 
temperature environment during handling, 
testing, storage, transportation, installa-
tion, or flight. The test must include all of 
the following: 
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(1) The test environment must be no less 
than 30 °C higher than the highest non-oper-
ating or operating temperature that the de-
vice could experience; 

(2) The test must last the maximum pre-
dicted high-temperature duration or one 
hour, whichever is greater; and 

(3) After exposure to the test environment, 
each sample device must undergo external 
and internal examination, including any dis-
section needed to identify any auto-ignition, 
sublimation, or melting. 

E417.27 EXPLODING BRIDGEWIRE FIRING UNITS 
AND EXPLODING BRIDGEWIRES 

(a) General. This section applies to any ex-
ploding bridgewire firing unit that is part of 
a flight termination system, including each 
exploding bridgewire that is used by the fir-
ing unit. Any firing unit or exploding 
bridgewire must satisfy each test or analysis 
identified by any table of this section to 
demonstrate that it satisfies all its perform-
ance specifications when subjected to each 
non-operating and operating environment. 
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(b) Firing unit status-of-health. A firing unit 
status-of-health test must satisfy section 
E417.3(f). This must include measuring input 
current, all pin-to-pin and pin-to-case resist-
ances, trigger circuit threshold, capacitor 
charge time and arming time. 

(c) Input command processing. An input 
command processing test must demonstrate 

that an exploding bridgewire firing unit’s 
input trigger circuit satisfies all its perform-
ance specifications when subjected to any 
variation in input that it could experience 
during flight. The firing unit must undergo 
this test before the first and after the last 
environmental test to identify any degrada-
tion in performance due to any of the test 
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environments. The test must demonstrate 
all of the following: 

(1) The amplitude sensitivity of the firing 
unit trigger circuit provides margin over the 
worst-case trigger signal that could be deliv-
ered on the launch vehicle as follows: 

(i) The firing unit triggers at 50% of the 
amplitude and 50% of the pulse duration of 
the lowest trigger signal that could be deliv-
ered during flight; and 

(ii) The firing unit triggers at 120% ampli-
tude and 120% of the pulse duration of the 
highest trigger signal that could be delivered 
during flight; 

(2) The firing unit satisfies all its perform-
ance specifications when subjected to the 
maximum input voltage of the open circuit 
voltage of the power source, ground or air-
borne, and the minimum input voltage of the 
loaded voltage of the power source; 

(3) Each control and switching circuit that 
is critical to the reliable operation of an ex-
ploding bridgewire firing unit does not 
change state when subjected to a minimum 
input power drop-out for a period of 50 milli-
seconds; 

(4) The firing unit’s response time satisfies 
all its performance specifications with input 
at the specified minimum and maximum ve-
hicle supplied trigger signal; and 

(5) If the firing unit has differential input, 
the unit satisfies all its performance speci-
fications with all input combinations at the 
specified trigger amplitude input signals. 

(d) High voltage circuitry. This test must 
demonstrate that a firing unit’s high voltage 
circuitry satisfies all its performance speci-
fications for initiating the exploding 
bridgewire when subjected to any variation 
in input that the circuitry could experience 
during flight. The firing unit must undergo 
the test before the first and after the last en-
vironmental test to identify any degradation 
in performance due to any of the test envi-
ronments. The test must demonstrate all of 
the following: 

(1) The firing unit satisfies all its perform-
ance specifications when subjected to the 
worst-case high and low arm voltages that it 
could experience during flight; 

(2) The firing unit’s charging and output 
circuitry has an output waveform, rise-time, 
and amplitude that delivers no less than a 
50% voltage margin to the exploding 
bridgewire. The test must use the identical 
parameters, such as capacitor values and cir-
cuit and load impedance, as those used to 
provide the exploding bridgewire all-fire en-
ergy level; 

(3) The firing unit does not experience any 
arcing or corona during high voltage dis-
charge; and 

(4) Each high-energy trigger circuit used to 
initiate the main firing capacitor has an out-
put signal that delivers no less than a 50% 
voltage margin with an input to the circuit 
at the nominal trigger threshold level. 

(e) Output monitoring. (1) An output moni-
toring test must measure the voltage of each 
high voltage capacitor and the arm power to 
a firing unit and demonstrate that it satis-
fies all its performance specifications. 

(2) An output monitoring test conducted 
while the firing unit is subjected to an oper-
ating environment, must continuously mon-
itor the voltage of each high voltage capac-
itor and the arm power to the firing unit to 
detect any variation in amplitude. Any am-
plitude variation constitutes a test failure. 
The monitoring must use a sample rate that 
will detect any component performance deg-
radation. 

(f) Abbreviated status-of-health. An abbre-
viated status-of-health test must measure all 
a firing unit’s critical performance param-
eters while the unit is subjected to each re-
quired operating environment to identify 
any degradation in performance while ex-
posed to each environment. This must in-
clude continuous monitoring of the firing 
unit’s input to detect any variation in ampli-
tude. Any amplitude variation constitutes a 
test failure. The monitoring must have a 
sample rate that will detect any component 
performance degradation. 

(g) Abbreviated command processing. An ab-
breviated command processing test must ex-
ercise all of a firing unit’s flight critical 
functions while the unit is subjected to each 
required operating environment. This must 
include subjecting the firing unit to the fire 
command throughout each environment 
while monitoring function time and the high 
voltage output waveform to demonstrate 
that each satisfies all its performance speci-
fications. 

(h) Circuit protection. A circuit protection 
test must demonstrate that any circuit pro-
tection allows a firing unit to satisfy all its 
performance specifications, when subjected 
to any improper launch processing, abnormal 
flight condition, or any failure of another 
launch vehicle component. The demonstra-
tion must include all of the following: 

(1) Any circuit protection allows an explod-
ing bridgewire firing unit to satisfy all its 
performance specifications when subjected 
to the maximum input voltage of the open 
circuit voltage of the unit’s power source 
and when subjected to the minimum input 
voltage of the loaded voltage of the power 
source; 

(2) In the event of an input power dropout, 
any control or switching circuit that con-
tributes to the reliable operation of an ex-
ploding bridgewire firing unit, including 
solid-state power transfer switches, does not 
change state for at least 50 milliseconds; 

(3) Any watchdog circuit satisfies all its 
performance specifications; 

(4) The firing unit satisfies all its perform-
ance specifications when any of its moni-
toring circuits’ output ports are subjected to 
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a short circuit or the highest positive or neg-
ative voltage capable of being supplied by 
the monitor batteries or other power sup-
plies; and 

(5) The firing unit satisfies all its perform-
ance specifications when subjected to any re-
verse polarity voltage that could occur dur-
ing launch processing. 

(i) Repetitive functioning. This test must 
demonstrate that a firing unit satisfies all 
its performance specifications when sub-
jected to repetitive functioning for five 
times the worst-case number of cycles re-
quired for acceptance, checkout and oper-
ations, including any retest due to schedule 
delays. 

(j) Static discharge. A static discharge test 
must demonstrate that an exploding 
bridgewire will not fire and satisfies all its 
performance specifications when subjected 
to any electrostatic discharge that it could 
experience from personnel or conductive sur-
faces. The test must subject an exploding 
bridgewire to the greater of: 

(1) A 25k-volt, 500-picofarad pin-to-pin dis-
charge through a 5k-ohm resistor and a 25k- 
volt, 500-picofarad pin-to-case discharge with 
no resistor; or 

(2) The maximum predicted pin-to-pin and 
pin-to-case electrostatic discharge. 

(k) Exploding bridgewire status-of-health. An 
exploding bridgewire status-of-health test 
must satisfy section E417.3(f). This must in-
clude measuring the bridgewire insulation 
resistance at operating voltage. 

(l) Safety devices. This test must dem-
onstrate that any protection circuitry that 
is internal to an exploding bridgewire, such 
as a spark gap, satisfies all its performance 
specifications and will not degrade the 
bridgewire’s performance or reliability when 
exposed to the qualification environments. 
The test must include static gap breakdown, 
dynamic gap breakdown, and specification 
hold-off voltage under sustained exposure. 

(m) Firing tests—(1) General. Each firing 
test of an exploding bridgewire must satisfy 
all of the following: 

(i) Each test must demonstrate that the 
exploding bridgewire satisfies all its per-
formance specifications when subjected to 
qualification stress conditions; 

(ii) The number of exploding bridgewire 
samples that each test must fire and the test 
conditions, including firing voltage and tem-
perature, must satisfy each table of this sec-
tion; 

(iii) Before initiation, each component 
sample must experience the required tem-
perature for enough time to achieve thermal 
equilibrium; 

(iv) Each test must subject each exploding 
bridgewire sample to a high voltage initi-
ation source that duplicates the exploding 
bridgewire firing unit output waveform and 
impedance, including high voltage cabling; 
and 

(v) Each test must measure ordnance out-
put using a measuring device, such as a swell 
cap or dent block, to demonstrate that the 
ordnance output satisfies all its performance 
specifications. 

(2) All-fire voltage. Each all-fire voltage test 
must subject each exploding bridgewire sam-
ple to the manufacturer specified all-fire en-
ergy level for voltage, current, and pulse du-
ration. 

(3) Operating voltage. Each operating volt-
age test must subject each exploding 
bridgewire sample to the firing unit’s manu-
facturer specified operating voltage, current, 
and pulse duration. If the operating energy is 
unknown, the test must use no less than 
200% of the all-fire voltage. 

(4) Twice-operating voltage. This test must 
subject each exploding bridgewire sample to 
200% of the operating voltage. 

(5) Ambient-temperature. This test must ini-
tiate each exploding bridgewire sample while 
at ambient temperature. 

(6) High-temperature. Each high-tempera-
ture test must initiate each exploding 
bridgewire sample while it is subjected to 
the manufacturer specified high-temperature 
level or at a +71 °C workmanship screening 
level, whichever is higher. 

(7) Low-temperature. Each low-temperature 
test must initiate each exploding bridgewire 
sample while it is subjected to the manufac-
turer specified low-temperature level or at a 
–54 °C workmanship screening level, which-
ever is lower. 

(n) Radio frequency impedance. A radio fre-
quency impedance test must determine an 
exploding bridgewire’s radio frequency im-
pedance for use in any system radio fre-
quency susceptibility analysis. 

(o) Radio frequency sensitivity. A radio fre-
quency sensitivity test must consist of a sta-
tistical firing series of exploding bridgewire 
lot samples to determine the radio frequency 
sensitivity of the exploding bridgewire. The 
test must demonstrate that the radio fre-
quency no-fire energy level does not exceed 
the level used in the flight termination sys-
tem design and analysis. 

(p) No-fire energy level. A no-fire energy 
level test must consist of a statistical firing 
series of exploding bridgewire lot samples to 
determine the highest electrical energy level 
at which the exploding bridgewire will not 
fire with a reliability of 0.999 with a 95% con-
fidence level when subjected to a continuous 
current pulse. The test must demonstrate 
that the no-fire energy level is no less than 
the no-fire energy level used in the flight 
termination system design and analysis. 

(q) All-fire energy level. An all-fire energy 
level test must consist of a statistical firing 
series of exploding bridgewire lot samples to 
determine the lowest electrical energy level 
at which the exploding bridgewire will fire 
with a reliability of 0.999 with a 95% con-
fidence level when subjected to a current 
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pulse simulating the firing unit output wave-
form and impedance characteristics. Each 
exploding bridgewire sample must be in its 
flight configuration, and must possess any 
internal safety devices, such as a spark gap, 
employed in the flight configuration. The 
test must demonstrate that the all-fire en-
ergy level does not exceed the all-fire energy 
level used in the flight termination system 
design and analysis. 

(r) Auto-ignition. This test must dem-
onstrate that an exploding bridgewire does 
not experience auto-ignition, sublimation, or 
melting when subjected to any high-tem-
perature environment during handling, test-
ing, storage, transportation, installation, or 
flight. The test must include all of the fol-
lowing: 

(1) The test environment must be no less 
than 30 °C higher than the highest non-oper-
ating or operating temperature that the de-
vice could experience; 

(2) The test duration must be the max-
imum predicted high-temperature duration 
or one hour, whichever is greater; and 

(3) After exposure to the test environment, 
each exploding bridgewire sample must un-
dergo external and internal examination, in-
cluding any dissection needed to identify any 
auto-ignition, sublimation, or melting. 

E417.29 ORDNANCE INTERRUPTER 

(a) General. This section applies to any ord-
nance interrupter that is part of a flight ter-
mination system, including any rotor lead or 
booster charge that is used by the inter-
rupter. Any ordnance interrupter, rotor lead, 
or booster charge must satisfy each test or 
analysis identified by any table of this sec-
tion to demonstrate that it satisfies all its 
performance specifications when subjected 
to each non-operating and operating environ-
ment. 
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(b) Status-of-health. An ordnance inter-
rupter status-of-health test must satisfy sec-
tion E45417.3(f). This must include measuring 
the interrupter’s safe-and-arm transition 
time. 

(c) Safe-and-arm position monitor. This test 
must demonstrate all of the following: 

(1) That an ordnance interrupter’s safe- 
and-arm transition operation, such as rota-
tion or sliding, satisfies all its performance 
specifications; 

(2) That any ordnance interrupter-moni-
toring device can determine, before flight, if 
the ordnance interrupter is in the proper 
flight configuration; 

(3) The presence of the arm indication 
when the ordnance interrupter is armed; and 

(4) The presence of the safe indication 
when the ordnance interrupter is safed. 

(d) Safety tests—(1) General. Each safety 
test must demonstrate that an ordnance in-

terrupter is safe to handle and use on the 
launch vehicle. 

(2) Containment. For any ordnance inter-
rupter that has an internal rotor charge, a 
containment test must demonstrate that the 
interrupter will not fragment when the in-
ternal charge is initiated. 

(3) Barrier functionality. A barrier 
functionality test must demonstrate that, 
when the ordnance interrupter is in the safe 
position, if the donor transfer line or the in-
ternal rotor charge is initiated, the ordnance 
output will not propagate to an explosive 
transfer system. The test must consist of fir-
ing tests at high- and low-temperature ex-
tremes with an explosive transfer system 
that simulates the flight configuration. The 
number of samples that the test must fire 
and the test conditions must satisfy each 
table of this section and all of the following: 

(i) High-temperature. A high-temperature 
test must initiate each ordnance sample 
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while it is subjected to no lower than the 
qualification high-temperature level or a 71 
°C workmanship screening level, whichever 
is higher; and 

(ii) Low-temperature. A low-temperature 
test must initiate each ordnance sample 
while it is subjected to no higher than the 
qualification low-temperature level or a ¥54 
°C workmanship screening level, whichever 
is lower. 

(4) Extended stall. For an ordnance inter-
rupter with an internal rotor or booster 
charge, an extended stall test must dem-
onstrate that the interrupter does not ini-
tiate when: 

(i) Locked in its safe position; and 
(ii) Subjected to a continuous operating 

arming voltage for the maximum predicted 
time that could occur accidentally or one 
hour, whichever is greater. 

(5) Manual safing. A manual safing test 
must demonstrate that an ordnance inter-
rupter can be manually safed. 

(6) Safing-interlock. A safing-interlock test 
must demonstrate that when an ordnance in-
terrupter’s safing-interlock is in place and 
operating arming current is applied, the 
interlock prevents arming and satisfies any 
other performance specification of the inter-
lock. 

(e) Interrupter abbreviated performance. An 
interrupter abbreviated performance test 
must satisfy section E417.3(e). This must in-
clude continuous monitoring of the inter-
rupter’s arm monitoring circuit. An ord-
nance interrupter must undergo this test 
while armed. 

(f) Firing tests. (1) General. A firing test of 
an ordnance interrupter, rotor lead, or boost-
er charge must satisfy all of the following: 

(i) The test must demonstrate that the ini-
tiation and output energy transfer of each 
ordnance charge satisfies all its performance 
specifications and that the component does 
not fragment; 

(ii) The number of samples that the test 
must fire and the test conditions, including 
firing current and temperature, must satisfy 
each table of this section; 

(iii) Before initiation, each component 
sample must experience the required tem-
perature for enough time to achieve thermal 
equilibrium; 

(iv) The test of an ordnance interrupter 
must simulate the flight configuration, in-
cluding the explosive transfer system lines 
on the input and output; 

(v) Each test of a rotor lead or booster 
charge must subject the component to an en-
ergy source that simulates the flight energy 
source; 

(vi) Each test must measure each ordnance 
output using a measuring device, such as a 
swell cap or dent block, to demonstrate that 

the output satisfies all its performance spec-
ifications; and 

(vii) For a single interrupter that contains 
more than one firing path, the test must 
demonstrate that the initiation of one firing 
path does not adversely affect the perform-
ance of any other path. 

(2) Ambient-temperature. This test must ini-
tiate each ordnance sample while it is at am-
bient temperature. 

(3) High-temperature. A high-temperature 
test must initiate each ordnance sample 
while it is subjected to no lower than the 
qualification high-temperature level or a +71 
°C workmanship level, whichever is higher. 

(4) Low-temperature. A low-temperature 
test must initiate each ordnance sample 
while it is subjected to no higher than the 
qualification low-temperature level or a ¥ 54 
°C workmanship level, whichever is lower. 

(g) Barrier alignment. A barrier alignment 
test must consist of a statistical firing series 
of ordnance interrupter samples. The test 
must demonstrate that the interrupter’s safe 
to arm transition motion provides for ord-
nance initiation with a reliability of 0.999 at 
a 95% confidence level. The test must also 
demonstrate that the interrupter’s arm to 
safe transition motion provides for no ord-
nance initiation with a reliability of 0.999 at 
a 95% confidence level. The test may employ 
a reusable ordnance interrupter subassembly 
that simulates the flight configuration. 

(h) Repetitive function. A repetitive func-
tion test must demonstrate the ability of an 
ordnance interrupter to satisfy all its per-
formance specifications when subjected to 
five times the maximum predicted number of 
safe-to-arm and arm-to-safe cycles. 

(i) Stall. A stall test must demonstrate 
that an ordnance interrupter satisfies all its 
performance specifications after being 
locked in its safe position and subjected to 
an operating arming voltage for the greater 
of: 

(1) Five minutes; or 
(2) The maximum predicted time that 

could occur inadvertently and the inter-
rupter would still be used for flight. 

E417.31 PERCUSSION-ACTIVATED DEVICE 
(PAD) 

(a) General. This section applies to any per-
cussion-activated device that is part of a 
flight termination system, including any 
primer charge it uses. Any percussion-acti-
vated device or primer charge must satisfy 
each test or analysis identified by any table 
of this section to demonstrate that it satis-
fies all its performance specifications when 
subjected to each non-operating and oper-
ating environment. 
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(b) Safety tests—(1) General. Each safety 
test must demonstrate that a percussion-ac-
tivated device is safe to handle and use on 
the launch vehicle. 

(2) No-fire impact. A no-fire impact test 
must demonstrate that a percussion-acti-
vated device, when pulled with the guaran-
teed no-fire pull force: 

(i) Will not fire; 
(ii) The device’s primer initiation assembly 

will not disengage; and 
(iii) The device will continue to satisfy all 

its performance specifications. 
(3) Safing-interlock locking. A safing-inter-

lock test must demonstrate that, a percus-
sion-activated device, with its safing-inter-
lock in place, will continue to satisfy all its 
performance specifications and the device’s 
firing assembly will not move more than half 
the no-fire pull distance when subjected to 
the greater of: 

(i) A 200-pound pull force; 
(ii) The device’s all-fire pull-force; or 

(iii) Twice the worst-case pull force that 
the device can experience after it is installed 
on the vehicle. 

(4) Safing-interlock retention test. A safing- 
interlock retention test must demonstrate 
that a percussion-activated device’s safing- 
interlock is not removable when a no-fire 
pull or greater force is applied to the percus-
sion-activated device lanyard. The test must 
also demonstrate that the force needed to re-
move the safing-interlock with the lanyard 
in an unloaded condition satisfies its per-
formance specification. 

(c) Status-of-health. A status-of-health test 
of a percussion-activated device must satisfy 
section E417.3(f). This test must include 
measuring the spring constant and firing 
pull distance. 

(d) Percussion-activated-device firing tests— 
(1) General. Each firing test of a percussion- 
activated device must satisfy all of the fol-
lowing: 
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(i) The test must demonstrate that the de-
vice satisfies all its performance specifica-
tions when subjected to all qualification 
stress conditions; 

(ii) The number of samples that the test 
must fire and the test conditions, including 
temperature, must satisfy each table of this 
section; 

(iii) Before initiation, each component 
sample must experience the required tem-
perature for enough time to achieve thermal 
equilibrium; 

(iv) The test must subject the device to the 
manufacturer specified pull-force; 

(v) The test must simulate the flight con-
figuration, including the explosive transfer 
system lines on the output; and 

(vi) The test must measure each ordnance 
output using a measuring device, such as a 
swell cap or dent block, to demonstrate that 
the output satisfies all its performance spec-
ifications. 

(2) Ambient-temperature. This test must ini-
tiate each ordnance sample while it is sub-
jected to ambient temperature. 

(3) High-temperature. A high-temperature 
test must initiate each ordnance sample 
while it is subjected to no lower than the 
qualification high-temperature level or a +71 
°C workmanship screening level, whichever 
is higher. 

(4) Low-temperature. A low-temperature 
test must initiate each ordnance sample 
while it is subjected to no higher than the 
qualification low-temperature level or a ¥54 
°C workmanship screening level, whichever 
is lower. 

(e) All-fire energy level. An all-fire energy 
level test must consist of a statistical firing 
series of primer charge lot samples to deter-
mine the lowest energy impact at which the 
primer will fire with a reliability of 0.999 at 
a 95% confidence level. The test must use a 
firing pin and configuration that is rep-
resentative of the flight configuration. 

(f) Primer charge firing tests. (1) General. 
Each firing test of a primer charge must sat-
isfy all of the following: 

(i) The test must demonstrate that the 
primer charge, including any booster charge 
or ordnance delay as an integral unit, satis-
fies all its performance specifications when 
subjected to all qualification stress condi-
tions; 

(ii) The number of samples that the test 
must fire and the test conditions, including 
impact energy and temperature, must satisfy 
each table of this section; 

(iii) Before initiation, each component 
sample must experience the required tem-

perature for enough time to achieve thermal 
equilibrium; 

(iv) The test must use a firing pin and con-
figuration that is representative of the flight 
configuration; and 

(v) The test must measure ordnance output 
using a measuring device, such as a swell cap 
or dent block, to demonstrate that the ord-
nance output satisfies all its performance 
specifications. 

(2) Ambient-temperature. This test must ini-
tiate each ordnance sample while it is sub-
jected to ambient temperature. 

(3) High-temperature. A high-temperature 
test must initiate each ordnance sample 
while it is subjected to no lower than the 
qualification high-temperature level or a +71 
°C workmanship screening level, whichever 
is higher. 

(4) Low-temperature. A low-temperature 
test must initiate each ordnance sample 
while it is subjected to no higher than the 
qualification low-temperature level or a ¥54 
°C workmanship screening level, whichever 
is lower. 

(g) Auto-ignition. This test must dem-
onstrate that any ordnance internal to a per-
cussion-activated device does not experience 
auto-ignition, sublimation, or melting when 
subjected to any high-temperature environ-
ment during handling, testing, storage, 
transportation, installation, or flight. The 
test must include all of the following: 

(1) The test environment must be no less 
than 30 °C higher than the highest non-oper-
ating or operating temperature that the de-
vice could experience; 

(2) The test duration must be the max-
imum predicted high-temperature duration 
or one hour, whichever is greater; and 

(3) After exposure to the test environment, 
each ordnance component must undergo ex-
ternal and internal examination, including 
any dissection needed to identify any auto- 
ignition, sublimation, or melting. 

E417.33 EXPLOSIVE TRANSFER SYSTEM, 
ORDNANCE MANIFOLD, AND DESTRUCT CHARGE 

(a) General. This section applies to any ex-
plosive transfer system, ordnance manifold, 
or destruct charge that is part of a flight ter-
mination system. Any explosive transfer sys-
tem, ordnance manifold, or destruct charge 
must satisfy each test or analysis identified 
by any table of this section to demonstrate 
that it satisfies all its performance specifica-
tions when subjected to each non-operating 
and operating environment. 
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(b) Firing tests—(1) General. A firing test of 
an explosive transfer system, explosive 
manifold, or destruct charge must satisfy all 
of the following: 

(i) The test must demonstrate that each 
ordnance sample satisfies all its performance 
specifications when subjected to all quali-
fication stress conditions; 

(ii) The number of samples that the test 
must fire and the test conditions, including 
temperature, must satisfy each table of this 
section; 

(iii) Before initiation, each ordnance sam-
ple must experience the required tempera-
ture for enough time to achieve thermal 
equilibrium; 

(iv) For any destruct charge, the test must 
initiate the charge against a witness plate to 
demonstrate that the charge satisfies all its 
performance specifications and is in-family; 

(v) For any explosive transfer system com-
ponent, the test must measure ordnance out-
put using a measuring device, such as a swell 
cap or dent block, to demonstrate that the 
ordnance output satisfies all its performance 
specifications; and 

(vi) For any explosive manifold that con-
tains ordnance, the test must initiate the 
ordnance using an explosive transfer system 
in a flight representative configuration. 

(2) Ambient-temperature. This test must ini-
tiate each ordnance sample while it is sub-
jected to ambient temperature. 

(3) High-temperature. A high-temperature 
test must initiate each ordnance sample 
while it is subjected to no lower than the 
qualification high-temperature level or a +71 
°C workmanship screening level, whichever 
is higher. 

(4) Low-temperature. A low-temperature 
test must initiate each ordnance sample 
while it is subjected to no higher than the 
qualification low-temperature level or a ¥54 
°C workmanship screening level, whichever 
is lower. 

(c) Penetration margin. A penetration mar-
gin test must demonstrate a destruct 
charge’s ability to accomplish its intended 
flight termination function, such as to de-
stroy the pressure integrity of any solid pro-
pellant stage or motor or rupture any propel-
lant tank. This must include penetrating no 
less than 150% of the thickness of the target 
material. Each test must also demonstrate 
that the charge is in-family by correlating 
equivalent penetration depth into a witness 
plate and comparing the results from each 
test. 

(d) Propellant detonation. A propellant deto-
nation test or analysis must demonstrate 
that a destruct charge will not detonate the 
propellant of its intended target. 

E417.35 SHOCK AND VIBRATION ISOLATORS 

(a) General. This section applies to any 
shock or vibration isolator that is part of a 
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flight termination system. Any isolator 
must satisfy each test or analysis identified 
by table E417.35–1 to demonstrate that it has 

repeatable performance and is free of any 
workmanship defects. 

(b) Load deflection. A load deflection test 
must demonstrate the ability of a shock or 
vibration isolator to withstand the full-scale 
deflection expected during flight while satis-
fying all its performance specifications and 
that the isolator is in-family. This must in-
clude subjecting each isolator to varying de-
flection increments from the null position to 
the full-scale flight deflection and measuring 
the isolator’s spring constant at each deflec-
tion increment. 

(c) Status-of-health. A status-of-health test 
of a shock or vibration isolator must satisfy 
section E417.3(f). The test must include all of 
the following: 

(1) The test must measure the isolator’s 
natural frequency while the isolator is sub-
jected to a random vibration or sinusoidal 
sweep vibration with amplitudes that are 
representative of the maximum predicted op-
erating environment; and 

(2) The test must measure the isolator’s 
dynamic amplification value while the iso-
lator is subjected to a random vibration or 
sinusoidal sweep vibration with amplitudes 
that are representative of the maximum pre-
dicted operating environment. 

E417.37 ELECTRICAL CONNECTORS AND 
HARNESSES 

(a) General. This section applies to any 
electrical connector or harness that is crit-
ical to the functioning of a flight termi-
nation system during flight, but is not other-
wise part of a flight termination system 
component. Any electrical connector or har-
ness must satisfy each test or analysis iden-
tified by table E417.37–1 of this section to 
demonstrate that it satisfies all its perform-
ance specifications when subjected to each 
non-operating and operating environment. 
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(b) Status-of-health. A status-of-health test 
of a harness or connector must satisfy sec-
tion E417.3(f). The test must include all of 
the following: 

(1) The test must measure the dielectric 
withstanding voltage between mutually in-
sulated portions of the harness or connector 
to demonstrate that the harness or con-
nector satisfies all its performance specifica-
tions at its rated voltage and withstands any 
momentary over-potential due to switching, 
surge, or any other similar phenomena; 

(2) The test must demonstrate that the in-
sulation resistance between mutually insu-
lated points is sufficient to ensure that the 
harness or connector satisfies all its per-
formance specifications at its rated voltage 
and the insulation material is not damaged 
after the harness or connector is subjected to 
the qualification environments; 

(3) The test must demonstrate the ability 
of the insulation resistance between each 
wire shield and harness or conductor and the 
insulation between each harness or con-

nector pin to every other pin to withstand a 
minimum workmanship voltage of 500 VDC 
or 150% of the rated output voltage, which-
ever is greater; and 

(4) The test must measure the resistance of 
any wire and harness insulation to dem-
onstrate that it satisfies all its performance 
specifications. 

E417.39 ORDNANCE INTERFACES AND MANIFOLD 
QUALIFICATION 

(a) General. This section applies to any ord-
nance interface or manifold that is part of a 
flight termination system. Each ordnance 
interface or manifold must undergo a quali-
fication test that demonstrates that the 
interface or manifold satisfies its perform-
ance specifications with a reliability of 0.999 
at a 95% confidence level. 

(b) Interfaces. A qualification test of an 
ordnance interface must demonstrate the 
interface’s reliability. This must include all 
of the following: 
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(1) The test must use a simulated flight 
configured interface and test hardware that 
duplicate the geometry and volume of the 
firing system used on the launch vehicle; and 

(2) The test must account for performance 
variability due to manufacturing and work-
manship tolerances such as minimum gap, 
maximum gap, and axial and angular offset. 

(c) Detonation flier plate ordnance transfer 
systems. A qualification test of a detonation 
flier plate ordnance transfer system com-
posed of any component that has a charge or 
initiates a charge such as; electro-explosive 
devices, exploding bridgewires, ordnance 
delays, explosive transfer systems, destruct 
charges, and percussion-activated devices; 
must demonstrate the system’s reliability 
using one of the following: 

(1) A statistical firing series that varies 
critical performance parameters, including 
gap and axial and angular alignment, to en-
sure that ordnance initiation occurs across 
each flight configured interface with a reli-
ability of 0.999 at a 95% confidence level; 

(2) Firing 2994 flight units in a flight rep-
resentative configuration to demonstrate 
that ordnance initiation occurs across each 
flight configured interface with a reliability 
of 0.999 at a 95% confidence level; or 

(3) Firing all of the following units to dem-
onstrate a gap margin that ensures ordnance 
initiation: 

(i) Five units at four times the combined 
maximum system gap; 

(ii) Five units at four times the combined 
maximum system axial misalignment; 

(iii) Five units at four times the combined 
maximum system angular misalignment; 
and 

(iv) Five units at 50% of the combined min-
imum system gap. 

(d) Deflagration and pressure sensitive ord-
nance transfer systems. A qualification test of 
a deflagration or pressure sensitive ordnance 
transfer system composed of devices such as 
ordnance delays, electro-explosive system 
low energy end-tips, and percussion-acti-
vated device primers must demonstrate the 
system’s reliability using one of the fol-
lowing: 

(1) A statistical firing series that varies 
critical performance parameters, including 
gap interface, to ensure that ordnance initi-
ation occurs across each flight configured 
interface; 

(2) Firing 2994 flight units in a flight rep-
resentative configuration to demonstrate 
that ordnance initiation occurs across each 
flight configured interface; or 

(3) Firing all of the following units to dem-
onstrate a significant gap margin: 

(i) Five units using a 75% downloaded 
donor charge across the maximum gap; and 

(ii) Five units using a 120% overloaded 
donor charge across the minimum gap. 

E417.41 FLIGHT TERMINATION SYSTEM PRE- 
FLIGHT TESTING 

(a) General. A flight termination system, 
its subsystems, and components must under-
go the pre-flight tests required by this sec-
tion to demonstrate that the system will 
satisfy all its performance specifications 
during the countdown and launch vehicle 
flight. After successful completion of any 
pre-flight test, if the integrity of the system, 
subsystem, or component is compromised 
due to a configuration change or other event, 
such as a lightning strike or connector de- 
mate, the system, subsystem, or component 
must repeat the pre-flight test. 

(b) Pre-flight component tests. A component 
must undergo one or more pre-flight tests at 
the launch site to detect any change in per-
formance due to any shipping, storage, or 
other environments that may have affected 
performance after the component passed the 
acceptance tests. Each test must measure all 
the component’s performance parameters 
and compare the measurements to the ac-
ceptance test performance baseline to iden-
tify any performance variations, including 
any out-of-family results, which may indi-
cate potential defects that could result in an 
in-flight failure. 

(c) Silver-zinc batteries. Any silver-zinc bat-
tery that is part of a flight termination sys-
tem, must undergo the pre-flight activation 
and tests that table E417.21–1 identifies must 
take place just before installation on the 
launch vehicle. The time interval between 
pre-flight activation and flight must not ex-
ceed the battery’s performance specification 
for activated stand time capability. 

(d) Nickel-cadmium batteries. Any nickel- 
cadmium flight termination system battery 
must undergo pre-flight processing and test-
ing before installation on the launch vehicle 
and the processing and testing must satisfy 
all of the following: 

(1) Any pre-flight processing must be 
equivalent to that used during qualification 
testing to ensure the flight battery’s per-
formance is equivalent to that of the battery 
samples that passed the qualification tests; 

(2) Each battery must undergo all of the 
following tests at ambient temperature no 
later than one year before the intended 
flight date and again no earlier than two 
weeks before the first flight attempt: 

(i) A status-of-health test that satisfies 
section E417.22(j); 

(ii) A charge retention test that satisfies 
section E417.22(f); and 

(iii) An electrical performance test that 
satisfies section E417.22(n); and 

(3) The test results from the battery ac-
ceptance tests of section E417.22 and the one- 
year and two-week pre-flight tests of para-
graph (d)(2) of this section must undergo a 
comparison to demonstrate that the battery 
satisfies all its performance specifications. 
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The flight battery test data must undergo an 
evaluation to identify any out-of-family per-
formance and to ensure that there is no deg-
radation in electrical performance that indi-
cates an age-related problem. 

(4) In the event of a launch schedule slip, 
after six weeks has elapsed from a preflight 
test, the battery must undergo the test again 
no earlier than two weeks before the next 
launch attempt. 

(e) Pre-flight testing of a safe-and-arm device 
that has an internal electro-explosive device. An 
internal electro-explosive device in a safe- 
and-arm device must undergo a pre-flight 
test that satisfies all of the following: 

(1) The test must take place no earlier 
than 10 calendar days before the first flight 
attempt. If the flight is delayed more than 14 
calendar days or the flight termination sys-
tem configuration is broken or modified for 
any reason, such as to replace batteries, the 
device must undergo the test again no ear-
lier than 10 calendar days before the next 
flight attempt. A launch operator may ex-
tend the time between the test and flight if 
the launch operator demonstrates that the 
electro-explosive device and its firing circuit 
will each satisfy all their performance speci-
fications when subjected to the expected en-
vironments for the extended period of time; 

(2) The test must include visual checks for 
signs of any physical defect or corrosion; and 

(3) The test must include a continuity and 
resistance check of the electro-explosive de-
vice circuit while the safe-and-arm device is 
in the arm position and again while the de-
vice is in the safe position. 

(f) Pre-flight testing of an external electro-ex-
plosive device. An external electro-explosive 
device that is part of a safe-and-arm device 
must undergo a pre-flight test that satisfies 
all of the following: 

(1) The test must take place no earlier 
than 10 calendar days before the first flight 
attempt. If the flight is delayed more than 14 
calendar days or the flight termination sys-
tem configuration is broken or modified for 
any reason, such as to replace batteries, the 
device must undergo the test again no ear-
lier than 10 calendar days before the next 
flight attempt. A launch operator may ex-
tend the time between the test and flight if 
the launch operator demonstrates that the 
electro-explosive device and its firing circuit 
will satisfy all their performance specifica-
tions when subjected to the expected envi-
ronments for the extended period of time; 
and 

(2) The test must include visual checks for 
signs of any physical defect or corrosion and 
a resistance check of the electro-explosive 
device. 

(g) Pre-flight testing of an exploding 
bridgewire. An exploding bridgewire must un-
dergo a pre-flight test that satisfies all of 
the following: 

(1) The test must take place no earlier 
than 10 calendar days before the first flight 
attempt. If the flight is delayed more than 14 
calendar days or the flight termination sys-
tem configuration is broken or modified for 
any reason, such as to replace batteries, the 
exploding bridgewire must undergo the test 
again no earlier than 10 calendar days before 
the next flight attempt. A launch operator 
may extend the time between the test and 
flight if the launch operator demonstrates 
that the exploding bridgewire will satisfy all 
its performance specifications when sub-
jected to the expected environments for the 
extended period of time. 

(2) The test must verify the continuity of 
each bridgewire. 

(3) Where applicable, the test must include 
a high voltage static test and a dynamic gap 
breakdown voltage test to demonstrate that 
any spark gap satisfies all its performance 
specifications. 

(h) Pre-flight testing for command receiver de-
coders and other electronic components. (1) An 
electronic component, including any compo-
nent that contains piece part circuitry, such 
as a command receiver decoder, must under-
go a pre-flight test that satisfies all of the 
following: 

(i) The test must take place no earlier than 
180 calendar days before flight. If the 180-day 
period expires before flight, the launch oper-
ator must replace the component with one 
that meets the 180-day requirement or test 
the component in place on the launch vehi-
cle. The test must satisfy the alternate pro-
cedures for testing the component on the 
launch vehicle contained in the test plan and 
procedures required by section E417.1(c); and 

(ii) The component must undergo the test 
at ambient temperature. The test must 
measure all performance parameters meas-
ured during acceptance testing. 

(2) A launch operator may substitute an 
acceptance test for a pre-flight test if the ac-
ceptance test is performed no earlier than 
180 calendar days before flight. 

(i) Pre-flight subsystem and system level test. 
A flight termination system must undergo 
the pre-flight subsystem and system level 
tests required by this paragraph after the 
system’s components are installed on a 
launch vehicle to ensure proper operation of 
the final subsystem and system configura-
tions. Each test must compare data obtained 
from the test to data from the pre-flight 
component tests and acceptance tests to 
demonstrate that there are no discrepancies 
indicating a flight reliability concern. 

(1) Radio frequency system pre-flight test. All 
radio frequency systems must undergo a pre- 
flight test that satisfies all of the following: 

(i) The test must demonstrate that the 
flight termination system antennas and as-
sociated radio frequency systems satisfy all 
their performance specifications once in-
stalled in their final flight configuration; 
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(ii) The test must measure the system’s 
voltage standing wave ratio and demonstrate 
that any insertion losses are within the de-
sign limits; 

(iii) The test must demonstrate that the 
radio frequency system, from each command 
control system transmitter antenna used for 
the first stage of flight to each command re-
ceiver satisfies all its performance specifica-
tions; 

(iv) The test must occur no earlier than 90 
days before flight; and 

(v) The test must demonstrate the func-
tions of each command receiver decoder and 
calibrate the automatic gain control signal 
strength curves, verify the threshold sensi-
tivity for each command, and verify the 
operational bandwidth. 

(2) End-to-end test of a non-secure command 
receiver decoder system. Any flight termi-
nation system that uses a non-secure com-
mand receiver decoder must undergo an end- 
to-end test of all flight termination system 
subsystems, including command destruct 
systems and inadvertent separation destruct 
systems. The test must satisfy all of the fol-
lowing: 

(i) The test must take place no earlier than 
72 hours before the first flight attempt. After 
the test, if the flight is delayed more than 14 
calendar days or the flight termination sys-
tem configuration is broken or modified for 
any reason, such as to replace batteries, the 
system must undergo the end-to-end test 
again no earlier than 72 hours before the 
next flight attempt; 

(ii) The flight termination system, except 
for all ordnance initiation devices, must un-
dergo the test in its final onboard launch ve-
hicle configuration; 

(iii) The test must use a destruct initiator 
simulator that satisfies § 417.307(h) in place 
of each flight initiator to demonstrate that 
the command destruct and inadvertent sepa-
ration destruct systems deliver the required 
energy to initiate the flight termination sys-
tem ordnance; 

(iv) The flight termination system must 
undergo the test while powered by the bat-
teries that the launch vehicle will use for 
flight. A flight termination system battery 
must not undergo recharging at any time 
during or after the end-to-end test. If the 
battery is recharged at any time before 
flight the system must undergo the end-to- 
end test again; 

(v) The end-to-end test must exercise all 
command receiver decoder functions critical 
to flight termination system operation dur-
ing flight, including the pilot or check tone, 
using the command control system transmit-
ters in their flight configuration or other 
representative equipment; 

(vi) The test must demonstrate that all 
primary and redundant flight termination 
system components, flight termination sys-

tem circuits, and command control system 
transmitting equipment are operational; and 

(vii) The test must exercise the triggering 
mechanism of all electrically initiated inad-
vertent separation destruct systems to dem-
onstrate that each is operational. 

(3) Open-loop test of a non-secure command 
destruct system. For each flight attempt, any 
flight termination system that uses a non- 
secure command receiver decoder must un-
dergo an open-loop radio frequency test, no 
earlier than 60 minutes before the start of 
the launch window, to validate the entire 
radio frequency command destruct link. For 
each flight attempt, the flight safety system 
must undergo the test again after any break 
or change in the system configuration. The 
test must satisfy all of the following: 

(i) The system must undergo the test with 
all flight termination system ordnance initi-
ation devices in a safe condition; 

(ii) Flight batteries must power all re-
ceiver decoders and other electronic compo-
nents. The test must account for any warm- 
up time needed to ensure the reliable oper-
ation of electronic components; 

(iii) The test must exercise the command 
receiver decoder arm function, including the 
pilot or check tone, using a command con-
trol transmitter in its flight configuration; 

(iv) The test must demonstrate that each 
receiver decoder is operational and is com-
patible with the command control trans-
mitter system; and 

(v) Following successful completion of the 
open-loop test, if any receiver decoder is 
turned off or the transmitter system fails to 
continuously transmit the pilot or check 
tone, the flight termination system must un-
dergo the open-loop test again before flight. 

(4) Initial open-loop test of a secure high-al-
phabet command destruct system. Any flight 
termination system that uses a secure high- 
alphabet command receiver decoder must 
undergo an open-loop radio frequency test to 
demonstrate the integrity of the system be-
tween the command control transmitter sys-
tem and launch vehicle radio frequency sys-
tem from the antenna to the command re-
ceiver decoders. The test must satisfy all of 
the following: 

(i) The test must occur before loading the 
secure flight code on to the command trans-
mitting system and the command receiver 
decoders; 

(ii) The test must use a non-secure code, 
also known as a maintenance code, loaded on 
to the command control transmitting sys-
tem and the command receiver decoders; 

(iii) Each command receiver decoder must 
be powered by either the ground or launch 
vehicle power sources; 

(iv) The command control transmitter sys-
tem must transmit, open-loop, all receiver 
decoder commands required for the flight 
termination system functions, including 
pilot or check tone to the vehicle; 
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(v) The test must demonstrate that each 
command receiver decoder receives, decodes 
and outputs each command sent by the com-
mand control system; and 

(vi) The testing must demonstrate that all 
primary and redundant flight termination 
system components, flight termination sys-
tem circuits, and command control system 
transmitting equipment are operational. 

(5) End-to-end test of a secure high-alphabet 
command destruct system. Any flight termi-
nation system that uses a secure high-alpha-
bet command receiver decoder must undergo 
an end-to-end test of all flight termination 
system subsystems, including command de-
struct systems and inadvertent separation 
destruct systems. The test must satisfy all 
of the following: 

(i) The system must undergo the test no 
earlier than 72 hours before the first flight 
attempt. After the test, if the flight is de-
layed more than 14 calendar days or the 
flight termination system configuration is 
broken or modified for any reason, such as to 
replace batteries, the system must undergo 
the end-to-end tests again no earlier than 72 
hours before the next flight attempt; 

(ii) The system must undergo the test in a 
closed-loop configuration using the secure 
flight code; 

(iii) The flight termination system, except 
for the ordnance initiation devices, must un-
dergo the test in its final onboard launch ve-
hicle configuration; 

(iv) The test must use a destruct initiator 
simulator that satisfies § 417.307(h) in place 
of each flight initiator to demonstrate that 
the command destruct and inadvertent sepa-
ration destruct systems deliver the energy 
required to initiate the flight termination 
system ordnance; 

(v) The flight termination system must un-
dergo the test while powered by the batteries 
that the launch vehicle will use for flight. A 
flight termination system battery must not 
undergo recharging at any time during or 
after the end-to-end test. If the battery is re-
charged at any time before flight the system 
must undergo the end-to-end test again; 

(vi) The test must exercise all command 
receiver decoder functions critical to flight 
termination system operation during flight, 
including the pilot or check tone, in a 
closed-loop test configuration using ground 
support testing equipment hardwired to the 
launch vehicle radio frequency receiving sys-
tem; 

(vii) The test must demonstrate that all 
primary and redundant launch vehicle flight 
termination system components and circuits 
are operational; and 

(viii) The test must exercise the triggering 
mechanism of all electrically initiated inad-
vertent separation destruct systems to dem-
onstrate that they are operational. 

(6) Abbreviated closed-loop test of a secure 
high-alphabet command destruct system. Any 

flight termination system that uses a secure 
high-alphabet command receiver decoder 
must undergo an abbreviated closed-loop test 
if, due to a launch scrub or delay, more than 
72 hours pass since the end-to-end test of 
paragraph (h)(5) of this section. The test 
must satisfy all of the following: 

(i) The flight termination system must un-
dergo the test in its final flight configura-
tion with all flight destruct initiators con-
nected and in a safe condition; 

(ii) The test must occur just before launch 
support tower rollback or other similar final 
countdown event that suspends access to the 
launch vehicle; 

(iii) Each command receiver decoder must 
undergo the test powered by the flight bat-
teries; 

(iv) The test must exercise all command 
receiver decoder functions critical to flight 
termination system operation during flight 
except the destruct function, including the 
pilot or check tone, in a closed-loop test con-
figuration using ground support testing 
equipment hardwired to the launch vehicle 
radio frequency receiving system; and 

(v) The test must demonstrate that the 
launch vehicle command destruct system, 
including each command receiver decoder 
and all batteries, is functioning properly. 

(7) Final open-loop test of a secure high-al-
phabet command destruct system. Any flight 
termination system that uses a secure high- 
alphabet command receiver decoder must 
undergo a final open-loop radio frequency 
test no earlier than 60 minutes before flight, 
to validate the entire radio frequency com-
mand destruct link from the command con-
trol transmitting system to launch vehicle 
antenna. The test must satisfy all of the fol-
lowing: 

(i) The flight termination system must un-
dergo the test in its final flight configura-
tion with all flight destruct initiators con-
nected and in a safe condition; 

(ii) Flight batteries must power all re-
ceiver decoders and other electronic compo-
nents. The test must account for any warm- 
up time needed for reliable operation of the 
electronic components; 

(iii) The test must exercise each command 
receiver decoder’s self-test function includ-
ing pilot or check tone using the command 
control system transmitters in their flight 
configuration; 

(iv) The test must demonstrate that each 
receiver decoder is operational and compat-
ible with the command control transmitter 
system; and 

(v) Following successful completion of the 
open-loop test, if any command receiver de-
coder is turned off or the transmitter system 
fails to continuously transmit the pilot or 
check tone, the flight termination system 
must undergo the final open-loop test again 
before flight. 
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APPENDIX F TO PART 417 [RESERVED] 

APPENDIX G TO PART 417—NATURAL AND 
TRIGGERED LIGHTNING FLIGHT COM-
MIT CRITERIA 

G417.1 GENERAL 

For purposes of this section, the require-
ment for any weather monitoring and meas-
uring equipment needed to satisfy the light-
ning flight commit criteria limits the equip-
ment to only that which is needed. Accord-
ingly, the equipment could include a ground- 
based, or airborne field mill, or a weather 
radar, but may or may not be limited to 
those items. Certain equipment, such as a 
field mill, when utilized with the lightning 
flight commit criteria, may increase launch 
opportunities because of the ability to verify 
the electric field in any cloud within 5 nau-
tical miles of the flight path. However, a 
field mill is not required in order to satisfy 
the lightning flight commit criteria. 

(a) This appendix provides flight commit 
criteria to protect against natural lightning 
and lightning triggered by the flight of a 
launch vehicle. A launch operator must 
apply these criteria under § 417.113 (c) for any 
launch vehicle that utilizes a flight safety 
system. 

(b) The launch operator must employ: 
(1) Any weather monitoring and measuring 

equipment needed to satisfy the lightning 
flight commit criteria. 

(2) Any procedures needed to satisfy the 
lightning flight commit criteria. 

(c) If a launch operator proposes any alter-
native lightning flight commit criteria, the 
launch operator must clearly and convinc-
ingly demonstrate that the alternative pro-
vides an equivalent level of safety. 

G417.3 DEFINITIONS, EXPLANATIONS AND 
EXAMPLES 

For the purpose of appendix G417: 
Anvil cloud means a stratiform or fibrous 

cloud produced by the upper level outflow or 
blow-off from thunderstorms or convective 
clouds. 

Associated means that two or more clouds 
are causally related to the same weather dis-
turbance or are physically connected. Asso-
ciated does not have to mean occurring at 
the same time. A cumulus cloud formed lo-
cally and a cirrus layer that is physically 
separated from that cumulus cloud and that 
is generated by a distant source are not asso-
ciated, even if they occur over or near the 
launch point at the same time. 

Bright band means an enhancement of 
radar reflectivity caused by frozen 
hydrometeors falling and beginning to melt 
at any altitude where the temperature is 0 
degrees Celsius or warmer. 

Cloud means a visible mass of water drop-
lets or ice crystals produced by condensation 
of water vapor in the atmosphere. 

Cloud edge means the visible boundary, in-
cluding the sides, base, and top, of a cloud as 
seen by an observer. In the absence of a visi-
ble boundary as seen by an observer, the 0 
dBZ radar reflectivity boundary defines a 
cloud edge. 

Cloud layer means a vertically continuous 
array of clouds, not necessarily of the same 
type, whose bases are approximately at the 
same level. 

Cumulonimbus cloud means any convective 
cloud with any part at an altitude where the 
temperature is colder than -20 degrees Cel-
sius. 

Debris cloud means any cloud, except an 
anvil cloud, that has become detached from 
a parent cumulonimbus cloud or thunder-
storm, or that results from the decay of a 
parent cumulonimbus cloud or thunder-
storm. 

Disturbed Weather means a weather system 
where dynamical processes destabilize the 
air on a scale larger than the individual 
clouds or cells. Examples of disturbed weath-
er include fronts and troughs. 

Electric field measurement aloft means the 
magnitude of the instantaneous vector elec-
tric field (E) at a known position in the at-
mosphere, such as measured by a suitably in-
strumented, calibrated, and located air-
borne-field-mill aircraft. 

Electric field measurement at the surface of 
Earth means the 1-minute arithmetic aver-
age of the vertical electric field (Ez) at the 
ground measured by a ground-based field 
mill. The polarity of the electric field is the 
same as that of the potential gradient; that 
is, the polarity of the field at Earth’s surface 
is the same as the dominant charge over-
head. An interpolation based on electric field 
contours is not a measurement for purposes 
of this appendix. 

Field mill is a specific class of electric-field 
sensor that uses a moving, grounded con-
ductor to induce a time-varying electric 
charge on one or more sensing elements in 
proportion to the ambient electrostatic field. 

Flight path means the planned normal 
flight trajectory, including its vertical and 
horizontal uncertainties to include the sum 
of the wind effects and the three-sigma guid-
ance and performance deviations. 

Moderate precipitation means a precipita-
tion rate of 0.1 inches/hr or a radar reflec-
tivity factor of 30 dBZ. 

Nontransparent means cloud cover is non-
transparent if (1) forms seen through it are 
blurred, indistinct, or obscured; or (2) forms 
are seen distinctly only through breaks in 
the cloud cover. Clouds with a radar reflec-
tivity factor of 0 dBZ or greater are also non-
transparent. 

Ohms/Square means the surface resistance 
in ohms when a measurement is made from 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00789 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



780 

14 CFR Ch. III (1–1–08 Edition) Pt. 417, App. G 

an electrode on one surface extending the 
length of one side of a square of any size to 
an electrode on the same surface extending 
the length of the opposite side of the square. 
The resistance measured in this way is inde-
pendent of the area of a square. 

Precipitation means detectable rain, snow, 
hail, graupel, or sleet at the ground; virga, 
or a radar reflectivity factor greater than 18 
dBZ at altitude. 

Specified Volume means the volume bound-
ed in the horizontal by vertical plane, per-
pendicular sides located 5.5 km (3 NM) north, 
east, south, and west of the point on the 
flight track, on the bottom by the 0 degree C 
level, and on the top by the upper extent of 
all clouds. 

Thick cloud layer means one or more cloud 
layers whose combined vertical extent from 
the base of the bottom layer to the top of the 
uppermost layer exceeds a thickness of 4,500 
feet. Cloud layers are combined with neigh-
boring layers for determining total thickness 
only when they are physically connected by 
vertically continuous clouds, as, for exam-
ple, when towering clouds in one layer con-
tact or merge with clouds in a layer (or lay-
ers) above. 

Thunderstorm means any convective cloud 
that produces lightning. 

Transparent Cloud cover is transparent if 
objects above, including higher clouds, blue 
sky, and stars can be distinctly seen from 
below; or objects, including terrain, build-
ings, and lights on the ground, can be dis-
tinctly seen from above. Transparency is 
only defined for the visible wavelengths. 

Triboelectrification means the transfer of 
electrical charge from ice particles to the 
launch vehicle when the ice particles rub the 
vehicle during impact. 

Volume-Averaged, Height-Integrated Radar 
Reflectivity (units of dBZ-kilometers) means 
the product of the volume-averaged radar re-
flectivity and the average cloud thickness 
within a specified volume relative to a point 
along the flight track. 

Within is a function word used to specify a 
distance in all directions (horizontal, 
vertical, and slant separation) between a 
cloud edge and a flight path. For example, 
‘‘within 10 nautical miles of a thunderstorm 
cloud’’ means that there must be a 10 nau-
tical mile margin between every part of a 
thunderstorm cloud and the flight path. 

G417.5 LIGHTNING 

(a) A launch operator must not initiate 
flight for 30 minutes after any type of light-
ning occurs in a thunderstorm if the flight 
path will carry the launch vehicle within 10 
nautical miles of that thunderstorm. 

(b) A launch operator must not initiate 
flight for 30 minutes after any type of light-
ning occurs within 10 nautical miles of the 
flight path unless: 

(1) The cloud that produced the lightning 
is not within 10 nautical miles of the flight 
path; 

(2) There is at least one working field mill 
within 5 nautical miles of each such light-
ning flash; and 

(3) The absolute values of all electric field 
measurements made at the Earth’s surface 
within 5 nautical miles of the flight path and 
at each field mill specified in paragraph 
(b)(2) of this section have been less than 1000 
volts/meter for 15 minutes or longer. 

(c) If a cumulus cloud remains 30 minutes 
after the last lightning occurs in a thunder-
storm, section G417.7 applies. Sections G417.9 
and G417.11 apply to any anvil or detached 
anvil clouds. Section G417.13 applies to de-
bris clouds. 

G417.7 CUMULUS CLOUDS 

For the purposes of this section, ‘‘cumulus 
clouds’’ do not include altocumulus, cirrocu-
mulus, or stratocumulus clouds. 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle within 10 nautical miles of any cu-
mulus cloud that has a cloud top at an alti-
tude where the temperature is colder than 
¥20 degrees Celsius. 

(b) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle within 5 nautical miles of any cumu-
lus cloud that has a cloud top at an altitude 
where the temperature is colder than ¥10 de-
grees Celsius. 

(c) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through any cumulus cloud with its 
cloud top at an altitude where the tempera-
ture is colder than ¥5 degrees Celsius. 

(d) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through any cumulus cloud that has 
a cloud top at an altitude where the tem-
perature is between +5 degrees Celsius and 
¥5 degrees Celsius unless: 

(1) The cloud is not producing precipita-
tion; 

(2) The horizontal distance from the center 
of the cloud top to at least one working field 
mill is less than 2 nautical miles; and 

(3) All electric field measurements made at 
the Earth’s surface within 5 nautical miles of 
the flight path and at each field mill used as 
required by paragraph (d)(2) of this section 
have been between ¥100 volts/meter and +500 
volts/meter for 15 minutes or longer. 

G417.9 ATTACHED ANVIL CLOUDS 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through, or within 10 nautical miles 
of, a nontransparent part of any attached 
anvil cloud for the first 30 minutes after the 
last lightning discharge in or from the par-
ent cloud or anvil cloud. 
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(b) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through, or within 5 nautical miles 
of, a nontransparent part of any attached 
anvil cloud between 30 minutes and three 
hours after the last lightning discharge in or 
from the parent cloud or anvil cloud unless: 

(1) The portion of the attached anvil cloud 
within 5 nautical miles of the flight path is 
located entirely at altitudes where the tem-
perature is colder than 0 degrees Celsius; and 

(2) The volume-averaged, height-integrated 
radar reflectivity is less than +33 dBZ-kft ev-
erywhere along the portion of the flight path 
where any part of the attached anvil cloud is 
within the volume. 

(c) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through a nontransparent part of any 
attached anvil cloud more than 3 hours after 
the last lightning discharge in or from the 
parent cloud or anvil cloud unless: 

(1) The portion of the attached anvil cloud 
within 5 nautical miles of the flight path is 
located entirely at altitudes where the tem-
perature is colder than 0 degrees Celsius; and 

(2) The volume-averaged, height-integrated 
radar reflectivity is less than +33 dBZ-kft ev-
erywhere along the portion of the flight path 
where any part of the attached anvil cloud is 
within the specified volume. 

G417.11 DETACHED ANVIL CLOUDS 

For the purposes of this section, detached 
anvil clouds are never considered debris 
clouds. 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through or within 10 nautical miles 
of a nontransparent part of a detached anvil 
cloud for the first 30 minutes after the last 
lightning discharge in or from the parent 
cloud or anvil cloud before detachment or 
after the last lightning discharge in or from 
the detached anvil cloud after detachment. 

(b) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle within 5 nautical miles of a non-
transparent part of a detached anvil cloud 
between 30 minutes and 3 hours after the 
time of the last lightning discharge in or 
from the parent cloud or anvil cloud before 
detachment or after the last lightning dis-
charge in or from the detached anvil cloud 
after detachment unless section (1) or (2) is 
satisfied: 

(1) This section is satisfied if all three of 
the following conditions are met: 

(i) There is at least one working field mill 
within 5 nautical miles of the detached anvil 
cloud; and 

(ii) The absolute values of all electric field 
measurements at the surface within 5 nau-
tical miles of the flight path and at each 
field mill specified in (1) above have been less 
than 1000 V/m for 15 minutes; and 

(iii) The maximum radar return from any 
part of the detached anvil cloud within 5 
nautical miles of the flight path has been 
less than 10 dBZ for 15 minutes. 

(2) This section is satisfied if both of the 
following conditions are met: 

(i) The portion of the detached anvil cloud 
within 5 nautical miles of the flight path is 
located entirely at altitudes where the tem-
perature is colder than 0 degrees Celsius; and 

(ii) The volume-averaged, height-inte-
grated radar reflectivity is less than +33 
dBZ-kft everywhere along the portion of the 
flight path where any part of the detached 
anvil cloud is within the specified volume. 

(c) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through a nontransparent part of a 
detached anvil cloud unless Section (1) or (2) 
is satisfied. 

(1) This section is satisfied if both of the 
following conditions are met: 

(i) At least 4 hours have passed since the 
last lightning discharge in or from the de-
tached anvil cloud; and 

(ii) At least 3 hours have passed since the 
time that the anvil cloud is observed to be 
detached from the parent cloud. 

(2) This section is satisfied if both of the 
following conditions are met. 

(i) The portion of the detached anvil cloud 
within 5 nautical miles of the flight path is 
located entirely at altitudes where the tem-
perature is colder than 0 degrees Celsius; and 

(ii) The volume-averaged, height-inte-
grated radar reflectivity is less than +33 
dBZ-kft everywhere along the portion of the 
flight path where any part of the detached 
anvil cloud is within the specified volume. 

G417.13 DEBRIS CLOUDS 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through any nontransparent part of a 
debris cloud for 3 hours after the debris cloud 
is observed to be detached from the parent 
cloud or after the debris cloud is observed to 
have formed from the decay of the parent 
cloud top to an altitude where the tempera-
ture is warmer than ¥10 degrees Celsius. The 
3-hour period must begin again at the time 
of any lightning discharge in or from the de-
bris cloud. 

(b) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle within 5 nautical miles of a non-
transparent part of a debris cloud during the 
3-hour period defined in paragraph (a) of this 
section, unless: 

(1) There is at least one working field mill 
within 5 nautical miles of the debris cloud; 

(2) The absolute values of all electric field 
measurements at the Earth’s surface within 
5 nautical miles of the flight path and meas-
urements at each field mill employed re-
quired by paragraph (b)(1) of this section 
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have been less than 1000 volts/meter for 15 
minutes or longer; and 

(3) The maximum radar return from any 
part of the debris cloud within 5 nautical 
miles of the flight path has been less than 10 
dBZ for 15 minutes or longer. 

G417.15 DISTURBED WEATHER 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through a nontransparent cloud asso-
ciated with disturbed weather that has 
clouds with cloud tops at altitudes where the 
temperature is colder than 0 degrees Celsius 
and that contains, within 5 nautical miles of 
the flight path: 

(1) Moderate or greater precipitation; or 
(2) Evidence of melting precipitation such 

as a radar bright band. 

G417.17 THICK CLOUD LAYERS 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through a nontransparent part of a 
cloud layer that is: 

(1) Greater than 4,500 feet thick and any 
part of the cloud layer along the flight path 
is located at an altitude where the tempera-
ture is between 0 degrees Celsius and ¥20 de-
grees Celsius; or 

(2) Connected to a thick cloud layer that, 
within 5 nautical miles of the flight path, is 
greater than 4,500 feet thick and has any part 
located at any altitude where the tempera-
ture is between 0 degrees Celsius and ¥20 de-
grees Celsius. 

(b) A launch operator need not apply the 
lightning commit criteria in paragraphs 
(a)(1) and (a)(2) of this section if the thick 
cloud layer is a cirriform cloud layer that 
has never been associated with convective 
clouds, is located only at temperatures of 
¥15 degrees Celsius or colder, and shows no 
evidence of containing liquid water. 

G417.19 SMOKE PLUMES 

(a) A launch operator must not initiate 
flight if the flight path will carry the launch 
vehicle through any cumulus cloud that has 
developed from a smoke plume while the 
cloud is attached to the smoke plume, or for 
the first 60 minutes after the cumulus cloud 
is observed to be detached from the smoke 
plume. 

(b) Section G417.7 applies to cumulus 
clouds that have formed above a fire but 
have been detached from the smoke plume 
for more than 60 minutes. 

G417.21 SURFACE ELECTRIC FIELDS 

(a) A launch operator must not initiate 
flight for 15 minutes after the absolute value 
of any electric field measurement at the 
Earth’s surface within 5 nautical miles of the 
flight path has been greater than 1500 volts/ 
meter. 

(b) A launch operator must not initiate 
flight for 15 minutes after the absolute value 
of any electric field measurement at the 
Earth’s surface within 5 nautical miles of the 
flight path has been greater than 1000 volts/ 
meter unless: 

(1) All clouds within 10 nautical miles of 
the flight path are transparent; or 

(2) All nontransparent clouds within 10 
nautical miles of the flight path have cloud 
tops at altitudes where the temperature is 
warmer than +5 degrees Celsius and have not 
been part of convective clouds that have 
cloud tops at altitudes where the tempera-
ture is colder than ¥10 degrees Celsius with-
in the last 3 hours. 

G417.23 TRIBOELECTRIFICATION 

(a) A launch operator must not initiate 
flight if the flight path will go through any 
part of a cloud at an altitude where the tem-
perature is colder than ¥10 degrees Celsius 
up to the altitude at which the launch vehi-
cle’s velocity exceeds 3000 feet/second; unless 

(1) The launch vehicle is ‘‘treated’’ for sur-
face electrification; or 

(2) A launch operator demonstrates by test 
or analysis that electrostatic discharges on 
the surface of the launch vehicle caused by 
triboelectrification will not be hazardous to 
the launch vehicle or the spacecraft. 

(b) A launch vehicle is treated for surface 
electrification if 

(1) All surfaces of the launch vehicle sus-
ceptible to ice particle impact are such that 
the surface resistivity is less than 109 ohms/ 
square; and 

(2) All conductors on surfaces (including 
dielectric surfaces that have been treated 
with conductive coatings) are bonded to the 
launch vehicle by a resistance that is less 
than 105 ohms. 

APPENDIX H TO PART 417 [RESERVED] 

APPENDIX I TO PART 417—METHODOLO-
GIES FOR TOXIC RELEASE HAZARD 
ANALYSIS AND OPERATIONAL PROCE-
DURES 

I417.1 GENERAL 

This appendix provides methodologies for 
performing toxic release hazard analysis for 
the flight of a launch vehicle as required by 
§ 417.229 and for launch processing at a 
launch site in the United States as required 
by § 417.407(f). The requirements of this ap-
pendix apply to a launch operator and the 
launch operator’s toxic release hazard anal-
ysis unless the launch operator clearly and 
convincingly demonstrates that an alter-
native approach provides an equivalent level 
of safety. 
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I417.3 IDENTIFICATION OF NON-TOXIC AND 
TOXIC PROPELLANTS 

(a) General. A launch operator’s toxic re-
lease hazard analysis for launch vehicle 
flight (section I417.5) and for launch proc-
essing (section I417.7) must identify all pro-
pellants used for each launch and identify 

whether each propellant is toxic or non-toxic 
as required by this section. 

(b) Non-toxic exclusion. A launch operator 
need not conduct a toxic release hazard anal-
ysis under this appendix for flight or launch 
processing if its launch vehicle, including all 
launch vehicle components and payloads, 
uses only those propellants listed in Table 
I417–1. 

(c) Identification of toxic propellants. A 
launch operator’s toxic release hazard anal-
ysis for flight and for launch processing 
must identify all toxic propellants used for 
each launch, including all toxic propellants 
on all launch vehicle components and pay-
loads. Table I417–2 lists commonly used toxic 
propellants and the associated toxic con-
centration thresholds used by the Federal 
launch ranges for controlling potential pub-
lic exposure. The toxic concentration thresh-
olds contained in Table I417–2 are peak expo-
sure concentrations in parts per million 
(ppm). A launch operator must perform a 
toxic release hazard analysis to ensure that 
the public is not exposed to concentrations 
above the toxic concentration thresholds for 
each toxicant involved in a launch. A launch 
operator must use the toxic concentration 
thresholds contained in table I417–2 for those 
propellants. Any propellant not identified in 
table I417–1 or table I417–2 falls into the cat-
egory of unique or uncommon propellants, 
such as those identified in table I417–3, which 
are toxic or produce toxic combustion by- 
products. Table I417.3 is not an exhaustive 
list of possible toxic propellants and combus-
tion by-products. For a launch that uses any 
propellant listed in table I417–3 or any other 
unique propellant not listed, a launch oper-
ator must identify the chemical composition 
of the propellant and all combustion by- 
products and the release scenarios. A launch 

operator must determine the toxic con-
centration threshold in ppm for any uncom-
mon toxic propellant or combustion by-prod-
uct in accordance with the following: 

(1) For a toxicant that has a level of con-
cern (LOC) established by the U.S. Environ-
mental Protection Agency (EPA), Federal 
Emergency Management Agency (FEMA), or 
Department of Transportation (DOT), a 
launch operator must use the LOC as the 
toxic concentration threshold for the toxic 
release hazard analysis except as required by 
paragraph (c)(2) of this section. 

(2) If an EPA acute emergency guidance 
level (AEGL) exists for a toxicant and is 
more conservative than the LOC (that is, 
lower after reduction for duration of expo-
sure), a launch operator must use the AEGL 
instead of the LOC as the toxic concentra-
tion threshold. 

(3) A launch operator must use the EPA’s 
Hazard Quotient/Hazard Index (HQ/HI) for-
mulation to determine the toxic concentra-
tion threshold for mixtures of two or more 
toxicants. 

(4) If a launch operator must determine a 
toxic concentration threshold for a toxicant 
for which an LOC has not been established, 
the launch operator must clearly and con-
vincingly demonstrate through the licensing 
process that public exposure at the proposed 
toxic concentration threshold will not cause 
a casualty. 
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I417.5 TOXIC RELEASE HAZARD ANALYSIS FOR 
LAUNCH VEHICLE FLIGHT 

(a) General. For each launch, a launch oper-
ator’s toxic release hazard analysis must de-
termine all hazards to the public from any 
toxic release that will occur during the pro-
posed flight of a launch vehicle or that would 
occur in the event of a flight mishap. A 
launch operator must use the results of the 
toxic release hazard analysis to establish for 
each launch, in accordance with § 417.113(b), 
flight commit criteria that protect the pub-
lic from a casualty arising out of any poten-
tial toxic release. A launch operator’s toxic 
release hazard analysis must determine if 
toxic release can occur based on an evalua-
tion of the propellants, launch vehicle mate-
rials, and estimated combustion products. 
This evaluation must account for both nor-
mal combustion products and the chemical 
composition of any unreacted propellants. 

(b) Evaluating toxic hazards for launch vehi-
cle flight. Each launch must satisfy either 

the exclusion requirements of section 
I417.3(b), the containment requirements of 
paragraph (c) of this section, or the statis-
tical risk management requirements of para-
graph (d) of this section, to prevent any cas-
ualty that could arise out of exposure to any 
toxic release. 

(c) Toxic containment for launch vehicle 
flight. For a launch that uses any toxic pro-
pellant, a launch operator’s toxic release 
hazard analysis must determine a hazard dis-
tance for each toxicant and a toxic hazard 
area for the launch. A hazard distance for a 
toxicant is the furthest distance from the 
launch point where toxic concentrations 
may be greater than the toxicant’s toxic 
concentration threshold in the event of a re-
lease during flight. A launch operator must 
determine the toxic hazard distance for each 
toxicant as required by paragraphs (c)(1) and 
(c)(2) of this section. A toxic hazard area de-
fines the region on the Earth’s surface that 
may be exposed to toxic concentrations 
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greater than any toxic concentration thresh-
old of any toxicant involved in a launch in 
the event of a release during flight. A launch 
operator must determine a toxic hazard area 
in accordance with paragraph (c)(3) of this 
section. In order to achieve containment, a 
launch operator must evacuate the public 
from a toxic hazard area as required by para-
graph (c)(4) of this section or employ mete-
orological constraints as required by para-
graph (c)(5) of this section. A launch oper-
ator must determine the hazard distance for 
a quantity of toxic propellant and determine 
and implement a toxic hazard area for a 
launch as follows: 

(1) Hazard distances for common propellants. 
Table I417–4 lists toxic hazard distances as a 
function of propellant quantity and toxic 
concentration threshold for commonly used 
propellants released from a catastrophic 
launch vehicle failure. Tables I417–10 and 
I417–11 list the hazard distance as a function 
of solid propellant mass for HC1 emissions 
during a launch vehicle failure and during 
normal flight for ammonium perchlorate 
based solid propellants. A launch operator 
must use the hazard distances corresponding 
to the toxic concentration thresholds estab-
lished for a launch to determine the toxic 
hazard area for the launch in accordance 
with paragraph (c)(3) of this section. 

(2) Hazard distances for uncommon or unique 
propellants. For a launch that involves any 

uncommon or unique propellant, a launch 
operator must determine the toxic hazard 
distance for each such propellant using an 
analysis methodology that accounts for the 
following worst case conditions: 

(i) Surface wind speed of 2.9 knots with a 
wind speed increase of 1.0 knot per 1000 feet 
of altitude. 

(ii) Surface temperature of 32 degrees 
Fahrenheit with a dry bulb temperature 
lapse rate of 13.7 degrees Fahrenheit per 1000 
feet over the first 500 feet of altitude and a 
lapse rate of 3.0 degrees F per 1000 feet above 
500 feet. 

(iii) Directional wind shear of 2 degrees per 
1000 feet of altitude. 

(iv) Relative humidity of 50 percent. 
(v) Capping temperature inversion at the 

thermally stabilized exhaust cloud center of 
mass altitude. 

(vi) Worst case initial source term assum-
ing instantaneous release of fully loaded pro-
pellant storage tanks or pressurized motor 
segments. 

(vii) Worst case combustion or mixing ra-
tios such that production of toxic chemical 
species is maximized within the bounds of 
reasonable uncertainties. 

(viii) Evaluation of toxic hazards for both 
normal launch and vehicle abort failure 
modes. 
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(3) Toxic hazard area. Having determined 
the toxic hazard distance for each toxicant, 
a launch operator must determine the toxic 
hazard area for a launch as a circle centered 
at the launch point with a radius equal to 
the greatest toxic hazard distance deter-
mined as required by paragraphs (c)(1) and 
(c)(2) of this section, of all the toxicants in-
volved in the launch. A launch operator does 
not have to satisfy paragraph (c)(3) of this 
section if: 

(i) The launch operator demonstrates that 
there are no populated areas contained or 
partially contained within the toxic hazard 
area; and 

(ii) The launch operator ensures that no 
member of the public is present within the 
toxic hazard area during preflight fueling, 
launch countdown, flight and immediate 
postflight operations at the launch site. To 
ensure the absence of the public, a launch 
operator must develop flight commit criteria 
and related provisions for implementation as 
part of the launch operator’s flight safety 
plan and hazard area surveillance and clear-
ance plan developed under §§ 417.111(b) and 
417.111(j), respectively. 

(4) Evacuation of populated areas within a 
toxic hazard area. For a launch where there is 
a populated area that is contained or par-

tially contained within a toxic hazard area, 
the launch operator does not have to satisfy 
paragraph (c)(5) of this section if the launch 
operator evacuates all people from all popu-
lated areas at risk and ensures that no mem-
ber of the public is present within the toxic 
hazard area during preflight fueling and 
flight. A launch operator must develop flight 
commit criteria and provisions for imple-
mentation of the evacuations as part of the 
launch operator’s flight safety plan, hazard 
area surveillance and clearance plan, and 
local agreements and public coordination 
plan developed according to §§ 417.111(b), 
417.111(j) and 417.111(i), respectively. 

(5) Flight meteorological constraints. For a 
launch where there is a populated area that 
is contained or partially contained within a 
toxic hazard area and that will not be evacu-
ated under paragraph (c)(4) of this section, 
the launch is exempt from any further re-
quirements of this section if the launch oper-
ator constrains the flight of a launch vehicle 
to favorable wind conditions or during times 
when atmospheric conditions result in re-
duced toxic hazard distances such that any 
potentially affected populated area is out-
side the toxic hazard area. A launch operator 
must employ wind and other meteorological 
constraints as follows: 
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(i) When employing wind constraints, a 
launch operator must re-define the toxic haz-
ard area by reducing the circular toxic haz-
ard area determined under paragraph (c)(3) 
of this section to one or more arc segments 
that do not contain any populated area. 
Each arc segment toxic hazard area must 
have the same radius as the circular toxic 
hazard area and must be defined by a range 
of downwind bearings. 

(ii) The launch operator must demonstrate 
that there are no populated areas within any 
arc segment toxic hazard area and that no 
member of the public is present within an 
arc segment toxic hazard area during pre-
flight fueling, launch countdown, and imme-
diate postflight operations at the launch 
site. 

(iii) A launch operator must establish wind 
constraints to ensure that any winds present 
at the time of flight will transport any toxi-
cant into an arc segment toxic hazard area 
and away from any populated area. For each 
arc segment toxic hazard area, the wind con-
straints must consist of a range of downwind 
bearings that are within the arc segment 
toxic hazard area and that provide a safety 
buffer, in both the clockwise and counter-
clockwise directions, that accounts for any 
uncertainty in the spatial and temporal vari-
ations of the transport winds. When deter-
mining the wind uncertainty, a launch oper-
ator must account for the variance of the 
mean wind directions derived from measure-
ments of the winds through the first 6000 feet 
in altitude at the launch point. Each clock-
wise and counterclockwise safety buffer 
must be no less than 20 degrees of arc width 
within the arc segment toxic hazard area. A 
launch operator must ensure that the wind 
conditions at the time of flight satisfy the 
wind constraints. To accomplish this, a 
launch operator must monitor the launch 
site vertical profile of winds from the alti-
tude of the launch point to no less than 6,000 
feet above ground level. The launch operator 
must proceed with a launch only if all wind 
vectors within this vertical range satisfy the 
wind constraints. A launch operator must 
develop wind constraint flight commit cri-
teria and implementation provisions as part 
of the launch operator’s flight safety plan 
and its hazard area surveillance and clear-
ance plan developed according to §§ 417.111(b) 
and 417.111(j), respectively. 

(iv) A launch operator may reduce the ra-
dius of the circular toxic hazard area deter-
mined in accordance with paragraph (c)(3) of 
this section by imposing operational mete-
orological restrictions on specific param-
eters that mitigate potential toxic downwind 
concentrations levels at any potentially af-
fected populated area to levels below the 
toxic concentration threshold of each toxi-
cant in question. The launch operator must 
establish meteorological constraints to en-
sure that flight will be allowed to occur only 

if the specific meteorological conditions that 
would reduce the toxic hazard area exist and 
will continue to exist throughout the flight. 

(d) Statistical toxic risk management for 
flight. If a launch that involves the use of a 
toxic propellant does not satisfy the contain-
ment requirements of paragraph (c) of this 
section, the launch operator must use statis-
tical toxic risk management to protect pub-
lic safety. For each such case, a launch oper-
ator must perform a toxic risk assessment 
and develop launch commit criteria that pro-
tect the public from unacceptable risk due to 
planned and potential toxic release. A launch 
operator must ensure that the resultant 
toxic risk meets the collective and indi-
vidual risk criteria requirements contained 
in § 417.107(b). A launch operator’s toxic risk 
assessment must account for the following: 

(1) All credible vehicle failure and non-fail-
ure modes, along with the consequent release 
and combustion of propellants and other ve-
hicle combustible materials. 

(2) All vehicle failure rates. 
(3) The effect of positive or negative buoy-

ancy on the rise or descent of each released 
toxicant. 

(4) The influence of atmospheric physics on 
the transport and diffusion of each toxicant. 

(5) Meteorological conditions at the time 
of launch. 

(6) Population density, location, suscepti-
bility (health categories) and sheltering for 
all populations within each potential toxic 
hazard area. 

(7) Exposure duration and toxic propellant 
concentration or dosage that would result in 
casualty for all populations. 

(e) Flight toxic release hazard analysis prod-
ucts. The products of a launch operator’s 
toxic release hazard analysis for launch vehi-
cle flight to be filed in accordance with 
§ 417.203(e) must include the following: 

(1) For each launch, a listing of all propel-
lants used on all launch vehicle components 
and any payloads. 

(2) The chemical composition of each toxic 
propellant and all toxic combustion prod-
ucts. 

(3) The quantities of each toxic propellant 
and all toxic combustion products involved 
in the launch. 

(4) For each toxic propellant and combus-
tion product, identification of the toxic con-
centration threshold used in the toxic risk 
analysis and a description of how the toxic 
concentration threshold was determined if 
other than specified in table I417.2. 

(5) When using the toxic containment ap-
proach of paragraph (c) of this section: 

(i) The hazard distance for each toxic pro-
pellant and combustion product and a de-
scription of how it was determined. 

(ii) A graphic depiction of the toxic hazard 
area or areas. 
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(iii) A listing of any wind or other con-
straints on flight, and any plans for evacu-
ation. 

(iv) A description of how the launch oper-
ator determines real-time wind direction in 
relation to the launch site and any populated 
area and any other meteorological condition 
in order to implement constraints on flight 
or to implement evacuation plans. 

(6) When using the statistical toxic risk 
management approach of paragraph (d) of 
this section: 

(i) A description of the launch operator’s 
toxic risk management process, including an 
explanation of how the launch operator en-
sures that any toxic risk from launch meets 
the toxic risk criteria of § 417.107(b). 

(ii) A listing of all models used. 
(iii) A listing of all flight commit criteria 

that protect the public from unacceptable 
risk due to planned and potential toxic re-
lease. 

(iv) A description of how the launch oper-
ator measures and displays real-time mete-
orological conditions in order to determine 
whether conditions at the time of flight are 
within the envelope of those used by the 
launch operator for toxic risk assessment 
and to develop flight commit criteria, or for 
use in any real-time physics models used to 
ensure compliance with the toxic flight com-
mit criteria. 

I417.7 TOXIC RELEASE HAZARD ANALYSIS FOR 
LAUNCH PROCESSING 

(a) General. A launch operator must per-
form a toxic release hazard analysis to deter-
mine potential public hazards from toxic re-
leases that will occur during normal launch 
processing and that will occur in the event of 
a mishap during launch processing. This sec-
tion implements the ground safety require-
ments of § 417.407(g). A launch operator must 
use the results of the toxic release hazard 
analysis to establish hazard controls for pro-
tecting the public. A launch operator must 
include the toxic release hazard analysis re-
sults in the ground safety plan as required 
by § 417.111(c). 

(b) Process hazards analysis. A launch oper-
ator must perform an analysis on all proc-
esses to identify toxic hazards and determine 
the potential for release of a toxic propel-
lant. The analysis must account for the com-
plexity of the process and must identify and 
evaluate the hazards and each hazard control 
involved in the process. An analysis that 
complies with 29 CFR 1910.119(e) satisfies 
paragraphs (b)(1) and (b)(2) of this section. A 
launch operator’s process hazards analysis 
must include the following: 

(1) Identify and evaluate each hazard of a 
process involving a toxic propellant using an 
analysis method, such as a failure mode and 
effects analysis or fault tree analysis. 

(2) Describe: 

(i) Each toxic hazard associated with the 
process and the potential for release of toxic 
propellants; 

(ii) Each mishap or incident experienced 
which has a potential for catastrophic con-
sequences; 

(iii) Each engineering and administrative 
control applicable to each hazard and their 
interrelationships, such as application of de-
tection methodologies to provide early warn-
ing of releases and evacuation of toxic haz-
ard areas prior to conducting an operation 
that involves a toxicant; 

(iv) Consequences of failure of engineering 
and administrative controls; 

(v) Location of the source of the release; 
(vi) All human factors; 
(vii) Each opportunity for equipment mal-

function or human error that can cause an 
accidental release; 

(viii) Each safeguard used or needed to 
control each hazard or prevent equipment 
malfunctions or human error; 

(ix) Each step or procedure needed to de-
tect or monitor releases; and 

(x) A qualitative evaluation of a range of 
the possible safety and health effects of fail-
ure of controls. 

(3) The process hazards analysis must be 
updated for each launch. The launch oper-
ator must conduct a review of all the hazards 
associated with each process involving a 
toxic propellant for launch processing. The 
review must include inspection of equipment 
to determine whether the process is de-
signed, fabricated, maintained, and operated 
according to the current process hazards 
analysis. A launch operator must revise a 
process hazards analysis to reflect changes 
in processes, types of toxic propellants 
stored or handled, or other aspects of a 
source of a potential toxic release that can 
affect the results of overall toxic release haz-
ard analysis. 

(4) The personnel who perform a process 
hazard analysis must possess expertise in en-
gineering and process operations, and at 
least one person must have experience and 
knowledge specific to the process being eval-
uated. At least one person must be knowl-
edgeable in the specific process hazard anal-
ysis methodology being used. 

(5) A launch operator must resolve all rec-
ommendations resulting from a process haz-
ards analysis in a timely manner prior to 
launch processing and the resolution must be 
documented. The documentation must iden-
tify each corrective action and include a 
written schedule of when any such actions 
are to be completed. 

(c) Evaluating toxic hazards of launch proc-
essing. A launch operator must protect the 
public from each potential toxic hazard iden-
tified by the process hazards analysis re-
quired by paragraph (b) of this section, the 
exclusion requirements of section I417.3(b), 
the containment requirements of paragraph 

VerDate Aug<31>2005 10:34 Mar 07, 2008 Jkt 214046 PO 00000 Frm 00801 Fmt 8010 Sfmt 8002 Y:\SGML\214046.XXX 214046rf
re

de
ric

k 
on

 P
R

O
D

1P
C

67
 w

ith
 C

F
R



792 

14 CFR Ch. III (1–1–08 Edition) Pt. 417, App. I 

(d) of this section, or the statistical risk 
management requirements of paragraph (l) 
of this section, to prevent any casualty that 
could arise out of exposure to any toxic re-
lease. 

(d) Toxic containment for launch processing. 
A launch operator’s toxic release hazard 
analysis must determine a toxic hazard area 
surrounding the potential release site for 
each toxic propellant based on the amount 
and toxicity of the propellant and the mete-
orological conditions involved. A launch op-
erator must determine whether there are 
populated areas located within a toxic haz-
ard area that satisfy paragraph (h) of this 
section. If necessary to achieve toxic con-
tainment, a launch operator must evacuate 
the public in order to satisfy paragraph (i) of 
this section or employ meteorological con-
straints that satisfy paragraph (j) of this sec-
tion. A launch operator, in determining a 
toxic hazard area, must first perform a 
worst-case release scenario analysis that sat-
isfies paragraph (e) of this section or a 
worst-case alternative release scenario anal-
ysis that satisfies paragraph (f) of this sec-
tion for each process that involves a toxic 
propellant. The launch operator must then 
determine a toxic hazard distance for each 
process that satisfies paragraph (g) of this 
section. 

(e) Worst-case release scenario analysis. A 
launch operator’s worst-case release scenario 
analysis must account for the following: 

(1) Determination of worst-case release quan-
tity. A launch operator must determine the 
worst-case release quantity of a toxic propel-
lant by selecting the greater of the fol-
lowing: 

(i) For substances in a vessel, the greatest 
amount held in a single vessel, accounting 
for administrative controls that limit the 
maximum quantity; or 

(ii) For toxic propellants in pipes, the 
greatest amount in a pipe, accounting for ad-
ministrative controls that limit the max-
imum quantity. 

(2) Worst-case release scenario for toxic liq-
uids. A launch operator must determine the 
worst-case release scenario for a toxic liquid 
propellant as follows: 

(i) A launch operator must assume that for 
toxic propellants that are normally liquids 
at ambient temperature, the quantity in the 
vessel or pipe, as determined in paragraph 
(e)(1) of this section, is spilled instanta-
neously to form a liquid pool. 

(ii) The launch operator must determine 
surface area of the pool by assuming that the 
liquid spreads to one centimeter deep unless 
passive mitigation systems are in place that 
serve to contain the spill and limit the sur-
face area. Where passive mitigation is in 
place, the launch operator must use the sur-
face area of the contained liquid to calculate 
the volatilization rate. 

(iii) If the release occurs on a surface that 
is not paved or smooth, the launch operator 
may account for actual surface characteris-
tics. 

(iv) The volatilization rate must account 
for the highest daily maximum temperature 
occurring in the past three years, the tem-
perature of the substance in the vessel, and 
the concentration of the toxic propellants if 
the liquid spilled is a mixture or solution. 

(v) The launch operator must determine 
rate of release to the air from the volatiliza-
tion rate of the liquid pool. A launch oper-
ator must use either the methodology pro-
vided in the Risk Management Plan (RMP) 
Offsite Consequence Analysis Guidance, 
dated April 1999, available at http:/ 
www.epa.gov/swercepp/ap-ocgu.htm, or an air 
dispersion modeling technique that satisfies 
paragraph (g) of this section. 

(3) Worst-case release scenario for toxic gases. 
A launch operator must determine the 
worst-case release scenario for a toxic gas as 
follows: 

(i) For toxic propellants that are normally 
gases at ambient temperature and handled as 
a gas or as a liquid under pressure, the 
launch operator must assume that the quan-
tity in the vessel, or pipe, as determined in 
paragraph (e)(1) of this section, is released as 
a gas over 10 minutes. The launch operator 
must assume a release rate that is the total 
quantity divided by 10 unless passive mitiga-
tion systems are in place. 

(ii) For gases handled as refrigerated liq-
uids at ambient pressure, if the released 
toxic propellant is not contained by passive 
mitigation systems or if the contained pool 
would have a depth of 1 cm or less, the 
launch operator must assume that the toxic 
propellant is released as a gas in 10 minutes. 

(iii) For gases handled as refrigerated liq-
uids at ambient pressure, if the released 
toxic propellant is contained by passive 
mitigation systems in a pool with a depth 
greater than 1 cm, the launch operator must 
assume that the quantity in the vessel or 
pipe, as defined in paragraph (e)(1) of this 
section, is spilled instantaneously to form a 
liquid pool. The launch operator must cal-
culate the volatilization rate at the boiling 
point of the toxic propellant and at the con-
ditions defined in paragraph (e)(2) of this sec-
tion. 

(4) Consideration of passive mitigation. The 
launch operator must account for passive 
mitigation systems in the analysis of a worst 
case release scenario if the passive mitiga-
tion system is capable of withstanding the 
release event triggering the scenario and 
would function as intended. 

(5) Additional factors in selecting a worst-case 
scenario. A launch operator’s worst-case re-
lease scenario for a toxic propellant must ac-
count for each factor that would result in a 
greater toxic hazard distance, such as a 
smaller quantity of the toxic propellant than 
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required by paragraph (e)(1) of this section, 
that is handled at a higher process tempera-
ture or pressure. 

(f) Worst-case alternative release scenario 
analysis. A launch operator’s worst-case al-
ternative release scenario analysis must ac-
count for the following: 

(1) The worst-case release scenario for each 
toxic propellant and for each toxic propel-
lant handling process; 

(2) Each release event that is more likely 
to occur than the worst-case release scenario 
that is determined in paragraph (e) of this 
section; 

(3) Each release scenario that exceeds a 
toxic concentration threshold at a distance 
that reaches the general public; 

(4) Each potential transfer hose release due 
to splits or sudden hose uncoupling; 

(5) Each potential process piping release 
from failures at flanges, joints, welds, valves, 
valve seals, and drain bleeds; 

(6) Each potential process vessel or pump 
release due to cracks, seal failure, or drain, 
bleed, or plug failure; 

(7) Each vessel overfilling and spill, or over 
pressurization and venting through relief 
valves or rupture disks; 

(8) Shipping container mishandling and 
breakage or puncturing leading to a spill; 

(9) Mishandling or dropping flight or 
ground hardware that contains toxic com-
modities; 

(10) Each active and passive mitigation 
system provided they are capable of with-
standing the event that triggered the release 
and would still be functional; 

(11) History of each accident experienced 
by the launch operator involving the release 
of a toxic propellant; and 

(12) Each failure scenario. 
(g) Toxic hazard distances for launch proc-

essing. For each process involving a toxic 
propellant, a launch operator must perform 
an air dispersion analysis to determine the 
hazard distance for the worst-case release 
scenario or the worst-case alternative re-
lease scenario as determined under para-
graphs (e) and (f) of this section. A launch 
operator must use either the methodology 
provided in the RMP Offsite Consequence 
Analysis Guidance, dated April 1999, or an 
air dispersion modeling technique that is ap-
plicable to the proposed launch. A launch op-
erator’s air dispersion modeling technique 
must account for the following analysis pa-
rameters: 

(1) Toxic concentration thresholds. A launch 
operator must use the toxic concentration 
thresholds defined by section I417.3(c). 

(2) Wind speed and atmospheric stability 
class. A launch operator, for the worst-case 
release analysis, must use a wind speed of 1.5 
meters per second and atmospheric stability 
class F. If the launch operator demonstrates 
that local meteorological data applicable to 
the source of a toxic release show a higher 

wind minimum wind speed or less stable at-
mosphere during the three previous years, 
the launch operator may use these mini-
mums. The launch operator, for analysis of 
the worst-case alternative scenario, must 
use statistical meteorological conditions for 
the location of the source. 

(3) Ambient temperature and humidity. For a 
worst-case release scenario analysis of a 
toxic propellant, the launch operator must 
use the highest daily maximum temperature 
from the last three years and average humid-
ity for the site, based on temperature and 
humidity data gathered at the source loca-
tion or at a local meteorological station. For 
analysis of a worst-case alternative release 
scenario, the launch operator must use typ-
ical temperature and humidity data gathered 
at the source location or at a local meteoro-
logical station. 

(4) Height of release. The launch operator 
must analyze the worst-case release of a 
toxic propellant assuming a ground level re-
lease. For a worst-case alternative scenario 
analysis of a toxic propellant, the release 
scenario may determine release height. 

(5) Surface roughness. The launch operator 
must use either an urban or rural topog-
raphy, as appropriate. Urban means that 
there are many obstacles in the immediate 
area; obstacles include buildings or trees. 
Rural means there are no buildings in the 
immediate area and the terrain is generally 
flat and unobstructed. 

(6) Dense or neutrally buoyant gases. Models 
or tables used for dispersion analysis of a 
toxic propellant must account for gas den-
sity. 

(7) Temperature of release substance. For a 
worst-case release scenario, the launch oper-
ator must account for the release of liquids 
other than gases liquefied by refrigeration at 
the highest daily maximum temperature, 
based on data for the previous three years 
appropriate to the source of the potential 
toxic release, or at process temperature, 
whichever is higher. For a worst-case alter-
native scenario, the launch operator may 
consider toxic propellants released at a proc-
ess or ambient temperature that is appro-
priate for the scenario. 

(h) Toxic hazard areas for launch processing. 
A launch operator, having determined the 
toxic hazard distance for the toxic con-
centration threshold for each toxic propel-
lant involved in a process using either a 
worst-case release scenario or a worst-case 
alternative release scenario, must determine 
the toxic hazard area for the process as a cir-
cle centered at the potential release point 
with a radius equal to the greatest toxic haz-
ard distance for the toxic propellants in-
volved in the process. A launch operator does 
not have to satisfy this section if: 

(1) There are no populated areas contained 
or partially contained within the toxic haz-
ard area; and 
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(2) There is no member of the public 
present within the toxic hazard area during 
the process. 

(i) Evacuation of populated areas within a 
toxic hazard area. For a process where there 
is a populated area that is contained or par-
tially contained within the toxic hazard 
area, the launch processing operation does 
not have to satisfy this section if the launch 
operator evacuates the public from the popu-
lated area and ensures that no member of 
the public is present within the toxic hazard 
area during the operation. A launch operator 
must coordinate notification and evacuation 
procedures with the Local Emergency Plan-
ning Committee (LEPC) and ensure that no-
tification and evacuation occurs according 
to its launch plans, including the launch op-
erator’s ground safety plan, hazard area sur-
veillance and clearance plan, accident inves-
tigation plan, and local agreements and pub-
lic coordination plan. 

(j) Meteorological constraints for launch proc-
essing. For a launch processing operation 
with the potential for a toxic release where 
there is a populated area that is contained or 
partially contained within the toxic hazard 
area and that will not be evacuated as re-
quired by paragraph (i) of this section, the 
operation is exempt from further require-
ments in this section if the launch operator 
constrains the process to favorable wind con-
ditions or during times when atmospheric 
conditions result in reduced toxic hazard dis-
tances such that the potentially affected 
populated area is outside the toxic hazard 
area. A launch operator must employ wind 
and other meteorological constraints that 
satisfy the following: 

(1) A launch operator must limit a launch 
processing operation to times during which 
prevailing winds will transport a toxic re-
lease away from populated areas that would 
otherwise be at risk. If the mean wind speed 
during the operation is equal to or greater 
than four knots, the launch operator must 
re-define the toxic hazard area by reducing 
the circular toxic hazard area as determined 
in paragraph (h) of this section to one or 
more arc segments that do not contain a 
populated area. Each arc segment toxic haz-
ard area must have the same radius as the 
circular toxic hazard area and must be de-
fined by a range of downwind bearings. If the 
mean wind speed during the operation is less 
than four knots, the toxic hazard area for 
the operation must be the full 360-degree 
toxic hazard area as defined by paragraph (h) 
of this section. The total arc width of an arc 
segment hazard area for launch processing 
must be greater than or equal to 30 degrees. 
If the launch operator determines the stand-
ard deviation of the measured wind direc-
tion, the total arc width of an arc segment 
hazard area must include all azimuths with-
in the mean measured wind direction plus 
three sigma and the mean measured wind di-

rection minus three sigma; otherwise, the 
following apply for the conditions defined by 
the Pasquil-Gifford meteorological stability 
classes: 

(i) For stable classes D–F, if the mean wind 
speed is less than 10 knots, the total arc 
width of the arc segment toxic hazard area 
must be no less than 90 degrees; 

(ii) For stable classes D–F, if the mean 
wind speed is greater than or equal to 10 
knots, the total arc width of the arc segment 
toxic hazard area must be no less than 45 de-
grees; 

(iii) For neutral class C, the total arc 
width of the arc segment toxic hazard area 
must be no less than 60 degrees; 

(iv) For slightly unstable class B, the total 
arc width of the arc segment toxic hazard 
area must be no less than 105 degrees; and 

(v) For mostly unstable class A, the total 
arc width of the arc segment toxic hazard 
area must be no less than 150 degrees. 

(2) The launch operator must ensure that 
there are no populated areas within an arc 
segment toxic hazard area and that no mem-
ber of the public is present within an arc seg-
ment toxic hazard area during the process as 
defined by paragraph (i) of this section. 

(3) A launch operator must establish wind 
constraints to ensure that winds present at 
the time of an operation will transport toxi-
cants into an arc segment toxic hazard area 
and away from populated areas. For each arc 
segment toxic hazard area, the wind con-
straints must consist of a range of downwind 
bearings that are within the arc segment 
toxic hazard area and that provide a safety 
buffer, in both the clockwise and counter-
clockwise directions, that accounts for un-
certainty in the spatial and temporal vari-
ations of the transport winds. 

(4) A launch operator may reduce the ra-
dius of the circular toxic hazard area as de-
termined under paragraph (h) of this section 
by imposing operational meteorological re-
strictions on specific parameters that miti-
gate potential toxic downwind concentra-
tions levels at a potentially affected popu-
lated area to levels below the toxic con-
centration threshold of the toxicant in ques-
tion. The launch operator must establish me-
teorological constraints to ensure that the 
operation will be allowed to occur only if the 
specific meteorological conditions that 
would reduce the toxic hazard area exist and 
will continue to exist throughout the oper-
ation, or the operation will be terminated. 

(k) Implementation of meteorological con-
straints. A launch operator must use one or 
more of the following approaches to deter-
mine wind direction or other meteorological 
conditions in order to establish constraints 
on a launch processing operation or evacuate 
the populated area in a potential toxic haz-
ard area: 
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(1) The launch operator must ensure that 
the wind conditions at the time of the proc-
ess comply with the wind constraints used to 
define each arc segment toxic hazard area. 
The launch operator must monitor the 
vertical profile of winds at the potential 
toxic release site from ground level to an al-
titude of 10 meters or the maximum height 
above ground of the potential release, which-
ever is larger. The launch operator may pro-
ceed with a launch processing operation only 
if wind vectors meet the wind constraints 
used to define each arc segment toxic hazard 
area. 

(2) A launch operator must monitor the 
specific meteorological parameters that af-
fect toxic downwind concentrations at a po-
tential toxic release site for a process and for 
the sphere of influence out to each populated 
area within the potential toxic hazard area 
as defined by paragraph (h) of this section. 
The launch operator must monitor spatial 
variations in the wind field that could affect 
the transport of toxic material between the 
potential release site and populated areas. 
The launch operator must acquire real-time 
meteorological data from sites between the 
potential release site and each populated 
area sufficient to demonstrate that the toxic 
hazard area, when adjusted to the spatial 
wind field variations, excludes populated 
areas. Meteorological parameters that affect 
toxic downwind concentrations from the po-
tential release site and covering the sphere 
of influence out to the populated areas must 
fall within the conditions as determined in 
paragraph (j)(4) of this section. A launch op-
erator must use one of the following methods 
to determine the meteorological conditions 
that will constrain a launch processing oper-
ation: 

(i) A launch operator may employ real- 
time air dispersion models to determine the 
toxic hazard distance for the toxic con-
centration threshold and proximity of a toxi-
cant to populated areas. A launch operator, 
when employing this method, must proceed 
with a launch processing operation only if 
real-time modeling of the potential release 
demonstrates that the toxic hazard distance 
would not reach populated areas. The launch 
operator’s process for carrying out this 
method must include the use of an air disper-
sion modeling technique that complies with 
paragraph (g) of this section and providing 
real-time meteorological data for the sphere 
of influence around a potential toxic release 
site as input to the air dispersion model. The 
launch operator’s process must also include 
a review of the meteorological conditions to 
identify changing conditions that could af-
fect the toxic hazard distance for a toxic 
concentration threshold prior to proceeding 
with the operation. 

(ii) A launch operator may use air disper-
sion modeling techniques to define the mete-
orological conditions that, when present, 

would prevent a toxic hazard distance for a 
toxic concentration threshold from reaching 
populated areas. The launch operator, when 
employing this method, must constrain the 
associated launch processing operation to be 
conducted only when the prescribed meteoro-
logical conditions exist. A launch operator’s 
air dispersion modeling technique must com-
ply with paragraph (g) of this section. 

(l) Statistical toxic risk management for 
launch processing. The launch operator must 
use statistical toxic risk management to 
protect public safety if a process that in-
volves the use of a toxic propellant does not 
satisfy the containment requirements of 
paragraph (d) of this section. A launch oper-
ator, for each such case, must perform a 
toxic risk assessment and develop criteria 
that protect the public from risks due to 
planned and potential toxic release. A launch 
operator must ensure that the resultant 
toxic risk meets the collective and indi-
vidual risk criteria requirements defined in 
§ 417.107(b). A launch operator’s toxic risk as-
sessment must account for the following: 

(1) All credible equipment failure and non- 
failure modes, along with the consequent re-
lease and combustion of toxic propellants; 

(2) Equipment failure rates; 
(3) The effect of positive or negative buoy-

ancy on the rise or descent of the released 
toxic propellants; 

(4) The influence of atmospheric physics on 
the transport and diffusion of toxic propel-
lants released; 

(5) Meteorological conditions at the time 
of the process; 

(6) Population density, location, suscepti-
bility (health categories) and sheltering for 
populations within each potential toxic haz-
ard area; and 

(7) Exposure duration and toxic propellant 
concentration or dosage that would result in 
casualty for populations. 

(m) Launch processing toxic release hazard 
analysis products. The products of a launch 
operator’s toxic release hazards analysis for 
launch processing must include the fol-
lowing: 

(1) For each worst-case release scenario, a 
description of the vessel or pipeline and 
toxic propellant selected as the worst case 
for each process, assumptions and param-
eters used, and the rationale for selection of 
that scenario. Assumptions must include use 
of administrative controls and passive miti-
gation that were assumed to limit the quan-
tity that could be released. The description 
must include the anticipated effect of the 
controls and mitigation on the release quan-
tity and rate; 

(2) For each worst-case alternative release 
scenario, a description of the scenario identi-
fied for each process, assumptions and pa-
rameters used, and the rationale for the se-
lection of that scenario. Assumptions must 
include use of administrative controls and 
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passive mitigation that were assumed to 
limit the quantity that could be released. 
The description must include the anticipated 
effect of the controls and mitigation on the 
release quantity and rate; 

(3) Estimated quantity released, release 
rate, and duration of release for each worst- 
case scenario and worst-case alternative sce-
nario for each process; 

(4) A description of the methodology used 
to determine the toxic hazard distance for 
each toxic concentration threshold; 

(5) Data used to estimate off-site popu-
lation receptors potentially affected; and 

(6) The following data for each worst-case 
scenario and worst-case alternative release 
scenario: 

(i) Chemical name; 
(ii) Physical state; 
(iii) Basis of results (provide model name if 

used, or other methodology); 
(iv) Scenario (explosion, fire, toxic gas re-

lease, or liquid spill and vaporization); 
(v) Quantity released in pounds; 
(vi) Release rate; 
(vii) Release duration; 
(viii) Wind speed and atmospheric stability 

class; 
(ix) Topography; 
(x) Toxic hazard distance; 
(xi) All members of the public within the 

toxic hazard distance; 
(xii) Any passive mitigation considered; 

and 
(xiii) Active mitigation considered (worst- 

case alternative release scenario only). 

APPENDIX J TO PART 417—GROUND 
SAFETY ANALYSIS REPORT 

J417.1 GENERAL 

(a) This appendix provides the content and 
format requirements for a ground safety 
analysis report. A launch operator must per-
form a ground safety analysis as required by 
subpart E of part 417 and document the anal-
ysis in a ground safety analysis report that 
satisfies this appendix, as required by 
§ 417.402(d). 

(b) A ground safety analysis report must 
contain hazard analyses that describe each 
hazard control, and describe a launch opera-
tor’s hardware, software, and operations so 
that the FAA can assess the adequacy of the 
hazard analysis. A launch operator must doc-
ument each hazard analysis on hazard anal-
ysis forms as required by §J417.3(d) and file 
each system and operation descriptions as a 
separate volume of the report. 

(c) A ground safety analysis report must 
include a table of contents and provide defi-
nitions of any acronyms and unique terms 
used in the report. 

(d) A launch operator’s ground safety anal-
ysis report may reference other documents 
filed with the FAA that contain the informa-
tion required by this appendix. 

J417.3 GROUND SAFETY ANALYSIS REPORT 
CHAPTERS 

(a) Introduction. A ground safety analysis 
report must include an introductory chapter 
that describes all administrative matters, 
such as purpose, scope, safety certification of 
personnel who performed any part of the 
analysis, and each special interest issue, 
such as a high-risk situation or potential 
non-compliance with any applicable FAA re-
quirement. 

(b) Launch vehicle and operations summary. 
A ground safety analysis report must include 
a chapter that provides general safety infor-
mation about the vehicle and operations, in-
cluding the payload and flight termination 
system. This chapter must serve as an execu-
tive summary of detailed information con-
tained within the report. 

(c) Systems, subsystems, and operations infor-
mation. A ground safety analysis report must 
include a chapter that provides detailed safe-
ty information about each launch vehicle 
system, subsystem and operation and each 
associated interface. The data in this chap-
ter must include the following: 

(1) Introduction. A launch operator’s ground 
safety analysis report must contain an intro-
duction to its systems, subsystems, and op-
erations information that serves as a road-
map and checklist to ensure all applicable 
items are covered. All flight and ground 
hardware must be identified with a reference 
to where the items are discussed in the docu-
ment. All interfacing hardware and oper-
ations must be identified with a reference to 
where the items are discussed in the docu-
ment. The introduction must identify inter-
faces between systems and operations and 
the boundaries that describe a system or op-
eration. 

(2) Subsystem description. For each hardware 
system identified in a ground safety analysis 
report as falling under one of the hazardous 
systems listed in paragraphs (c)(3), (c)(4) and 
(c)(5) of this section, the report must iden-
tify each of the hardware system’s sub-
systems. A ground safety analysis report 
must describe each hazardous subsystem 
using the following format: 

(i) General description including nomen-
clature, function, and a pictorial overview; 

(ii) Technical operating description includ-
ing text and figures describing how a sub-
system works and any safety features and 
fault tolerance levels; 

(iii) Each safety critical parameter, includ-
ing those that demonstrate established sys-
tem safety approaches that are not evident 
in the technical operating description or fig-
ures, such as factors of safety for structures 
and pressure vessels; 

(iv) Each major component, including any 
part of a subsystem that must be technically 
described in order to understand the sub-
system hazards. For a complex subsystem 
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such as a propulsion subsystem, the ground 
safety analysis report must provide a major-
ity of the detail of the subsystem including 
any figures at the major component level 
such as tanks, engines and vents. The pres-
entation of figures in the report must 
progress in detail from broad overviews to 
narrowly focused figures. Each figure must 
have supporting text that explains what the 
figure is intended to illustrate; 

(v) Ground operations and interfaces in-
cluding interfaces with other launch vehicle 
and launch site subsystems. A ground safety 
analysis report must identify a launch opera-
tor’s and launch site operator’s hazard con-
trols for all operations that are potentially 
hazardous to the public. The report must 
contain facility figures that illustrate where 
hazardous operations take place and must 
identify all areas where controlled access is 
employed as a hazard control; and 

(vi) Hazard analysis summary of subsystem 
hazards that identifies each specific hazard 
and the threat to public safety. This sum-
mary must provide cross-references to the 
hazard analysis form required by paragraph 
(d) of this section and indicate the nature of 
the control, such as design margin, fault tol-
erance, or procedure. 

(3) Flight hardware. For each stage of a 
launch vehicle, a ground safety analysis re-
port must identify all flight hardware sys-
tems, using the following sectional format: 

(i) Structural and mechanical systems; 
(ii) Ordnance systems; 
(iii) Propulsion and pressure systems; 
(iv) Electrical and non-ionizing radiation 

systems; and 
(v) Ionizing radiation sources and systems. 
(4) Ground hardware. A ground safety anal-

ysis report must identify the launch opera-
tor’s and launch site operator’s ground hard-
ware, including launch site and ground sup-
port equipment, that contains hazardous en-
ergy or materials, or that can affect flight 
hardware that contains hazardous energy or 
materials. A launch operator must identify 
all ground hardware by using the following 
sectional format: 

(i) Structural and mechanical ground sup-
port and checkout systems; 

(ii) Ordnance ground support and checkout 
systems; 

(iii) Propulsion and pressure ground sup-
port and checkout systems; 

(iv) Electrical and non-ionizing radiation 
ground support and checkout systems; 

(v) Ionizing radiation ground support and 
checkout systems; 

(vi) Hazardous materials; and 
(vii) Support and checkout systems and 

any other safety equipment used to monitor 
or control a potential hazard not otherwise 
addressed above. 

(5) Flight safety system. A ground safety 
analysis report must describe each hazard of 
inadvertent actuation of the launch opera-

tor’s flight safety system, potential damage 
to the flight safety system during ground op-
erations, and each hazard control that the 
launch operator will implement. 

(6) Hazardous materials. A ground safety 
analysis report must: 

(i) Identify each hazardous material used 
in all the launch operator’s flight and ground 
systems, including the quantity and location 
of each material; 

(ii) Contain a summary of the launch oper-
ator’s approach for protecting the public 
from toxic plumes, including the toxic con-
centration thresholds used to control public 
exposure and a description of any related 
local agreements; 

(iii) Describe any toxic plume model used 
to protect public safety and contain any al-
gorithms used by the model; and 

(iv) Include the products of the launch op-
erator’s toxic release hazard analysis for 
launch processing as defined by section 
I417.7(m) of appendix I of this part for each 
launch that involves the use of any toxic 
propellants. 

(d) Hazard analysis. A ground safety anal-
ysis report must include a chapter con-
taining a hazard analysis of the launch vehi-
cle and launch vehicle processing and inter-
faces. The hazard analysis must identify 
each hazard and all hazard controls that the 
launch operator will implement. A ground 
safety analysis report must contain the re-
sults of the launch operator’s hazard anal-
ysis of each system, subsystem, and oper-
ation using a standardized format that in-
cludes the items listed on the example haz-
ard analysis form provided in figure J417–1 
and that satisfies the following: 

(1) Introduction. A ground safety analysis 
report must contain an introduction that 
serves as a roadmap and checklist to the 
launch operator’s hazard analysis forms. A 
launch operator must identify all flight 
hardware, ground hardware, interfacing 
hardware, and operations with a reference to 
where the items are discussed in the ground 
safety analysis report. The introduction 
must explain how a launch operator presents 
its hazard analysis in terms of hazard identi-
fication numbers as identified in figure J417– 
1. 

(2) Analysis. A launch operator may present 
each hazard on a separate form or consoli-
date hazards of a specific system, subsystem, 
component, or operation onto a single form. 
There must be at least one form for each 
hazardous subsystem and each hazardous 
subsystem operation. A launch operator 
must state which approach it has chosen in 
the introduction to the hazard analysis sec-
tion. A launch operator must track each 
identified hazard control separately. 

(3) Numbering. A launch operator must 
number each hazard analysis form with the 
applicable system or subsystem identified. A 
launch operator must number each line item 
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on a hazard analysis form with numbers and 
letters provided for multiple entries against 
an individual line item. A line item consists 
of a hardware or operation description and a 
hazard. 

(4) Hazard analysis data. A hazard analysis 
form must contain or reference all informa-
tion necessary to understand the relation-
ship of a system, subsystem, component, or 
operation with a hazard cause, control, and 
verification. 

(e) Hazard analysis supporting data. A 
ground safety analysis report must include 
data that supports the hazard analysis. If 
such data does not fit onto the hazard anal-
ysis form, a launch operator must provide 
the data in a supporting data chapter. This 
chapter must contain a table of contents and 
may reference other documents that contain 
supporting data. 
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Subpart A—General 
§ 420.1 Scope. 

This part prescribes the information 
and demonstrations that must be pro-
vided to the FAA as part of a license 
application, the bases for license ap-
proval, license terms and conditions, 
and post-licensing requirements with 
which a licensee shall comply to re-
main licensed. Requirements for pre-
paring a license application are con-
tained in part 413 of this subchapter. 

§ 420.3 Applicability. 
This part applies to any person seek-

ing a license to operate a launch site or 
to a person licensed under this part. A 
person operating a site that only sup-
ports amateur rocket activities, as de-
fined in 14 CFR 401.5, does not need a li-
cense under this part to operate the 
site. 

§ 420.5 Definitions. 
For the purpose of this part. 
Ballistic coefficient means the weight 

of an object divided by the quantity 
product of the coefficient of drag of the 
object and the area of the object. 
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